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Preface 


This report summarizes the primary data sets collected during the 
DELILAH nearshore experiment held in October 1990 at the Field Research 
Facility (FRF), Coastal and Hydraulics Laboratory (CHL), U.S. Army 
Engineer Waterways Experiment Station (WES). DELILAH investigated the 
physics of the nearshore zone using a large array of stationary and mobile 
instruments, video cameras, radar systems, and precision surveys. This report 
was prepared to document and publicize the DELILAH data set following a 
waiting period agreed to by the scientists and sponsors. This report comple- 
ments a growing series of technical papers, reports, theses, dissertations, and 
other results based on DELILAH data. These data are available electronically 
on-line or via other media such as CD-ROM. 


The data presented here would not have existed without the combined 
efforts of the principal investigators, their students, technicians, and assistants. 
The staff of the FRF (Messrs. Eugene Bichner, William Grogg, Kent 
Hathaway, Clifford Baron, Charles Long, Herman C. Miller, Michael Leffler, 
Brian Scarborough, and Mrs. Dawn Miller) deserve special recognition. As 
hosts, they provided their time, commitment, and considerable field experience 
to ensure DELILAH’s success. Dr. Jane Smith contributed to Appendix F, 
"Instrumented Sled." Mr. Kevin Kremkau helped to edit and prepare the final 
copy of the manuscript. Dr. Edward Thornton of the Naval Postgraduate 
School provided a technical review of the final version of this report. 


DELILAH was sponsored by the U.S. Army Corps of Engineers 

_ (USACE), the Office of Naval Research and by the Naval Research 
Laboratory. This report was prepared under the Field Research Facility 
Analysis work unit USACE Civil Works Coastal Engineering Research and 
Development Program. Technical monitors were Messrs. John H. Lockhart, 
Jr., Charles Chesnutt, and Barry W. Holliday. CHL Program Manager was 
Mrs. Carolyn Holmes. Additional support was provided by the Coastal 
Dynamics program of the Office of Naval Research, Dr. Thomas Kinder; 
Program Manager. 


The report was prepared under the direct supervision of Mr. Thomas W. 
Richardson, Chief, Engineering Development Division, CHL. General 
supervision was provided by Dr. James R. Houston and Mr. Charles 
C.Calhoun, Jr., Director and Assistant Director, CHL, respectively. Director 
of WES was Dr. Robert W. Whalin. Commander was COL(P) Bruce K. 
Howard, EN. 


The contents of this report are not to be used for advertising, publication 
or promotional purposes. Citation of trade names does not constitute and 
official endorsement or approval of the use of such commercial products. 
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1 Introduction 


During the fall of 1990, DELILAH, The Duck Experiment on Low- 
frequency and Incident-band Longshore and Across-shore Hydrodynamics, was 
conducted at the U.S. Army Engineer Waterways Experiment Station, Coastal 
and Hydraulics Laboratory's, Field Research Facility (FRF) located in Duck, 
North Carolina (Figure 1). This experiment was conceived as an outgrowth of 
SAMSON, The Sources of Ambient MicroSeismic Oceanic Noise experiment 
which also occurred that fall. DELILAH was developed to take advantage of 
the directional wave information being obtained from the instruments installed 
and data gathered during SAMSON. These experiments deployed 87 
instruments from the shoreline out to the 13-m depth contour, and collected a 
vast amount of data useful to many coastal research efforts. This report will 
first briefly describe SAMSON, but its purpose is to summarize the 
investigations and data collected only during DELILAH. 


- SAMSON 


This experiment, sponsored 
by the Office of Naval Research, 
was an investigation into the 
causes of ocean bottom 
microseisms (very small 
fluctuations which can create 
significant noise in underwater 
acoustic transmissions). In order , , aa 
to monitor these microseisms, a Dems un Ocean 
number of different arrays of ; ty 6 Oregon inet 
instruments were deployed. To ( sae) 
measure the directional wave 
field and to monitor nonlinear 
pressure fluctuations at depth, 


: : Figure 1. Location of the Field 
which may excite the Research Facility 


microseisms, the Scripps 
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Institution of Oceanography deployed an array of 24 pressure sensors and 1 
current meter at a depth of 13 m. This array covered an area 300 m by 300 m 
and is referred to as the “13-m array” throughout the remainder of the report 
(Figure 2). This effort was conducted by Dr. Robert Guza and Dr. Thomas 
Herbers with assistance from Dr. Steven Elgar and Dr. Joan Oltman-Shay. The 
13-m array was deployed in August 1990 and operation began in September 
1990. Although SAMSON officially ended at the end of November, the 13-m 
array continued to collect data until June 1991. 


The 13-m array was operated in conjunction with the existing FRF 
directional wave array located directly landward in 8 m of water, and 
henceforth referred to as the “8-m array.” This array, operated by Dr. Charles 
Long, consisted of a cross of pressure sensors with nine sensors located in a 
shore-parallel line and six in a cross-shore line (Figure 2). 


Three additional arrays were deployed to measure the microseisms. Dr. 
Tok Yamamoto (University of Miami) deployed an array of five Ocean 
Bottom Seismometers (OBS) along the same 13-m depth contour as the 
Scripps’ array. These not only recorded the microseisms but could also be 
used to measure the directional wave field. A large array of land-based 
seismometers was deployed across the state of North Carolina by Dr. John 
Nabelek (Oregon State University) and another OBS array was deployed in 
deeper water across the continental shelf. 


Although data collected from the 8-m and 13-m arrays discussed above 
provided useful directional wave information for DELILAH, there was a 
separate array deployed closer to shore, referred to from here on as the 
“DELILAH array.” This array and the DELILAH experiment are summarized 
in the remainder of this report. 


DELILAH 


The idea for DELILAH originated during the later planning stages of 
SAMSON. Simultaneous collection of wave and current data from 8-m and 
13-m depths led to the suggestion that similar inshore data would provide 
information necessary to characterize the entire surf zone. Experience with 
earlier experiments, such as DUCK85' and SUPERDUCK, helped to refine the 
objectives, instrumentation plan, required equipment, and general logistics for 


‘Mason, C., Birkemeier, W. A., and Howd, P.A. (1987). "An Overview of DUCK85, a Nearshore 
Processes Experiment." Proceedings of the Coastal Sediments '87 Conference, American Society of Civil 
Engineers. 


Crowson, R. A., Birkemeier, W. A., Klein, H. M., and Miller, H. C. (1988). "SUPERDUCK 
Nearshore Processes Experiment: Summary of Studies, CERC Field Research Facility," Technical Report 
CERC-88-12, U.S. Army Engineer Waterways Experiment Station, Vicksburg, MS. 
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DELILAH. The objectives were: 
a. To measure the wave and wind forced three-dimensional nearshore 
dynamics with specific emphasis on infragravity waves, shear waves, 
mean circulation, setup, runup, and wave transformation. 


b. To monitor the bathymetric response to these processes. 
Investigators 


The DELILAH investigators, their organizations at the time of the 
experiment, and general areas of scientific interest are listed below. 


U.S. Army Engineer Waterways Experiment Station, Coastal and Hydraulics 
Laboratory: 

William Birkemeier - Morphology. 

Kent Hathaway - Runup, infragravity waves, morphology, remote sensing. 

Charles Long - Incident and reflected directional wave spectra. 

Nicholas Kraus - Longshore currents. 

Jane Smith - Vertical current profile, 2-D circulation. 

Todd Walton - Runup. 

Edward Thompson - Surf beat modeling. 


Naval Postgraduate School: 
Edward Thornton - Mean circulation, shear waves, rip currents. 


Naval Research Lab: 
Dennis Trizna - Radar measurements of waves and currents. 


Oregon State University: 
Rob Holman - Morphology, runup, shear waves, infragravity waves, video 
remote sensing. 
Peter Howd - Infragravity waves, morphology. 
Tom Lippman - Morphology, infragravity waves, video remote sensing. 
Todd Holland (also with the U.S. Geological Survey) - Runup, cusp 
formation. 


Scripps Institution of Oceanography: 
Robert Guza - Cross-shore and longshore currents, infragravity waves, 
wave transformation (also SAMSON Principal Investigator). 


Quest Integrated Inc.: 
Joan Oltman-Shay - Shear waves, infragravity waves (also SAMSON 
Principal Investigator) 


Washington State University: 
Steve Elgar - Incident and reflected directional wave spectra (also SAMSON 


Principal Investigator). 
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Experiment plan 


The DELILAH array consisted of four subarrays that were interdependent. 
The primary cross-shore sub-array contained nine current meters and nine 
pressure wave gauges situated approximately 500 m north of the pier. Two 
other sub-arrays were positioned longshore, perpendicular to the cross-shore 
sub-array. Each consisted of one gauge from the cross-shore array where the 
longshore arrays intersected it. Five additional current meters placed in the 
trough region, and four placed slightly seaward of the nearshore bar crest, 
completed these sub-arrays (Figure 2). A final instrument package was 
positioned between the two longshore arrays forming a secondary cross-shore 
sub-array approximately 100 meters south of the primary cross-shore sub- 
array. All of the instruments in the DELILAH array extended across the 
typical position of the nearshore bar and were designed to sample in conditions 
generated by incident waves with significant heights up to 1.5 m. Dr. Edward 
Thornton of the Naval Postgraduate School provided the design and 
instruments for the primary cross-shore array and, with help from Rob 
Wyland, Katie Scott, and others, collected all of the data from the DELILAH 
array. The instruments in the other subarrays were provided by Scripps 
Institution of Oceanography and by the FRF. 


FRF and Oregon State University video cameras were mounted on the 
FRF's observation tower to record swash and other surf zone processes. Five 
radar systems operated by the Naval Research Laboratory monitored the 
waves, currents, and bathymetry. Daily surveys conducted by the FRF’s 
Coastal Research Amphibious Buggy (CRAB) documented changes to the 
bathymetry in a small 550-m by 375-m gridded area that surrounded the 
DELILAH array. This region will be referred to as the “minigrid” throughout 
the remainder of this report. Analysis of the current and bathymetry data 
collected during the 1986 SUPERDUCK experiment’ helped in designing the 
instrument array. 


The 8-m,13-m, and DELILAH arrays are shown in Figure 2. As in 
previous Duck experiments, the minigrid was located north of the FRF pier, 
open to storm waves from the northeast, and in an area typically characterized 
by shore-parallel contours. The southern end of the minigrid was within the 
shadow zone of the FRF pier for waves approaching from the southeast. 


DELILAH commenced in the final weeks of September 1990 when the 
instruments were mounted on pipes (Figures 3 and 4) and deployed from the 
CRAB (Figure 5). Current meters were positioned so as to be submerged 
during low tide and to remain above the highest expected bed level (Figure 6). 


1Birkemeier, W.A., et. Al (1989). “SUPERDUCK Nearshore Processes Experiment Data Summary: 
CERC Field Research Facility,” Miscellaneous Paper CERC-89-16, U.S. Army Engineer Waterways 
Experiment Station, Vicksburg, MS. 
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Stationary instrument measurements were supplemented by a vertical stack of 
five current meters, an anemometer, and two wave gauges located on the 
instrumented sled (Figures 7 and 8). This sled was towed out by the CRAB 
and retrieved toward shore, stopping at the same inshore distance as the 
stationary instruments. 
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Figure 2. DELILAH and SAMSON instrument locations 
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Figure 3. Mr. Rob Wyland assembling the instrument pipes in the 
FRF parking lot 


Figure 4. Closeup of assembled electronic package and sensor 
pipes. The Marsh-McBirney electromagnetic current meter is the 
small ball at the top center of the photograph 
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Figure 5. Instrument pipe being deployed from the CRAB 


Figure 6. Cross-shore array after deployment. Current meter 
sensors were mounted on the left pipes, electronics and pressure 
gauges on the right pipes 
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Figure 7. The instrumented sled prior to deployment. In this 
configuration it has five current meters, two wave gauges, and an 
anemometer 
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Figure 8. The sled being towed seaward by the CRAB 
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Experiment Conditions 


During the 21 days of data collection, from 1 to 21 October 1990, a variety 
of conditions were encountered, as shown in Figure 9. This graph shows the 
wind, as measured at the end of the FRF pier (gauge 3932); the significant 
wave height, wave period, and wave direction measured in 8 m of water (gauge 
3111); the longshore current in the inner bar trough (gauge 2342); and water 
level from gauge 1, relative to the National Geodetic Vertical Datum. After a 
short-duration wave event on 1-2 October, there was an extended period of low 
waves (<1 m) until 9 October, when a "Southeaster" occurred, causing the 
wave height to build to nearly 2 m. There was initial concern that Hurricane 
Lili might interrupt the experiment, but Lili's passage brought only windless, 
long-period swell approximately 2.5 m in height on 13 October. Energetic 
waves (H,,>>1 m) and longshore currents (>1 m/s) continued until the end of 
the experiment. 


As in each previous Duck experiment, significant changes occurred in the 
nearshore profile. Figure 10 illustrates four of the minigrid surveys with the 
current meter locations indicated by vertical lines. The topography was 
rhythmic in the longshore dimension through 9 October, when it began to 
become more linear. The topography was linear on 11 October and remained 
so until the end of the experiment. High longshore flows occurred frequently 
during the experiment; an example of one of the more energetic periods is 
given in Figure 11, which shows longshore currents greater than 1.5 m/sec 
concentrated along the nearshore trough, inshore of the longshore bar crest. A 
plot of the cross-shore currents from the sled (Figure 12) shows onshore flow 
only near the surface in the region of the bar crest and weak offshore flow 
elsewhere. 


Instrument retrieval and cleanup began on 22 October. All pipes and cables 
were removed, with the last being recovered on 25 October. 


The remainder of this report consists of a series of appendices which 
include details about specific DELILAH data sets. Appendix A contains the 
survey data; Appendix B tabulates the video and runup data; Appendix C 
provides summary information about the bottom sediments; Appendix D 
presents pre- and post-experiment current meter calibrations; Appendix E 
summarizes the locations of and data from the stationary instruments; 
Appendix F summarizes the data collected from the instrumented sled; and 
Appendix G provides addresses for the participants and lists publications which 
use DELILAH and SAMSON data. 


This report summarizes the collected data. The actual data are available via 
electronic media including online access and CD-ROM. Connect through the 
World Wide Web to http://frf.usace.army.mil. Since this address may change, 
contact the US Army Engineer Waterways Experiment Station, Coastal and 
Hydraulics Laboratory at 3909 Halls Ferry Road, Vicksburg, MS 39180. 
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the energetic periods 
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Figure 12. Sample cross-shore current data from the 
instrumented sled 
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Appendix A 
Surveying 


As in previous Duck experiments, surveying was a critical part of 
DELILAH. The CRAB was used to locate the instrument pipes and to survey 
the minigrid area. An additional survey was conducted of the bathymetry 
surrounding the FRF, out to a water depth of 13 m, using a combination of the 
CRAB and a survey sled. In this survey, referred to from here on as the “13- 
m-deep” survey, the sled was towed behind the FRF's amphibious Lighter 
Amphibious Resupply Cargo (LARC). Presentation of the data and 
descriptions of this survey and the minigrid surveys, as well as details about 
the survey equipment and sources of error follow. 


Coordinate System 


All survey data were collected relative to the FRF coordinate system, which 
has its origin located behind the duneline near the southern boundary of the 
FRF property. The baseline of this system (cross-shore distance = 0) is 

_ perpendicular to the FRF pier and is aligned 20 deg west of true north. 
Elevations were measured relative to the National Geodetic Vertical Datum 
(NGVD) of 1929. This datum is 0.42 m above Mean Low Water. 


Survey Equipment 


All DELILAH surveying was conducted with either a Zeiss Elta 2s * total 
station or a Geotronics Geodimeter 140-T* auto-tracking total station. 
Problems developed with each of these instruments, and it is important to 
understand what the problems were and their impact before using the 
DELILAH survey data. 


Zeiss Elta-2s 


The Zeiss system incorporates in one compact unit a first-order electronic 
theodolite, distance meter, microprocessor, rechargeable power supply, and an 
interchangeable solid state memory module. The instrument is manually aimed 
at a reflecting prism and a collimated infrared beam measures the distance and 
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the electronic theodolite measures both horizontal and vertical angles. The 
microprocessor then uses these measurements plus the coordinates of the 
instrument to compute X, Y, and Z Cartesian coordinates of the prism 
(corrected for earth curvature). 


The ELTA-2s was primarily used for positioning the instrumented sled, the 
instrument pipes, and for beach surveying. It is classed as a first-order survey 
instrument with 0.6-sec horizontal and vertical angle reading accuracy. 
Unfortunately, it began malfunctioning during the latter half of the experiment 
with some impact on the positioning of the instrumented sled. The errors 
resulted from a problem in the horizontal rotation of the instrument and were 
easily identified as inconsistent changes in horizontal position. 


Geotronics Geodimeter 140-T 


The Geodimeter 140-T (Figure A1) 
consists of an electronic theodolite, distance 
meter, tracker, joystick, and cables. The 
system is designed to track the position of a 
moving object with the aid of a servo unit, 
which permits automatic motorized rotation 
of the instrument in the horizontal and 
vertical directions. The angle and distance 
measuring unit is both mechanically and 
electronically connected to a top-mounted 
tracker unit. The initial aiming of the 
instrument is controlled by a joystick. 

Once locked onto the prism array mounted 
on the CRAB, the Geodimeter 140-T 
continues to follow it. 


Figure A1. Geodimeter 140-T 


With the auto-tracking ability of the Geodimeter 140-T, the CRAB was able 
to move continuously, obtaining position information every 2-3 m along the 
survey transect. Data were collected by a shore-based personal computer, and 
steering information was radioed to the driver. The Geodimeter was put into 
use at the FRF early in 1990 and the DELILAH surveys were the first real 
production surveys with the instrument. 


A combination of unfamiliarity with the instrument and several unique 
quirks resulted in problems processing and interpreting some of the Geodimeter 
survey data, particularly the 13-m deep data. The problems affect elevation 
measurement. There were three types of problems. 


One of the instrument errors of the Geodimeter results from the separation 
of the tracking unit and the angle measurement unit. For accurate vertical 
measurements, the two units must be parallel. Instead of attempting to fine 
adjust the parallelism, the angular error was computed based on targeting a 
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fixed prism of known elevation. This vertical angle correction was then 
applied to the measured vertical angle in the collection software. It wasn't 
learned until later that the correction angle changes during the day, especially 
on hot days. Although checks of the vertical angle correction were made, they 
were not made frequently enough to fully remove the error. This vertical error 
increases with distance from the instrument. Over a distance of 1,000 m, a 
20-s angle error, if uncorrected for, would result in a vertical error of 10 cm 
(elevation checks were also made with the ELTA-2S, but there were no vertical 
problems with the Zeiss data) . 


Another error associated with the vertical angle correction occurred when 
there was slight shifting of the instrument out of level (probably due to 
differential heating) during full days of surveying. Some of this movement is 
automatically compensated for by the Geodimeter, and it is designed to stop 
acquiring data if the instrument tilts outside the range of the internal 
compensator. However, it was determined well after DELILAH that this 
applies only for the horizontal compensation, not for the vertical. 
Consequently, even when tilted, the instrument continued to collect slightly 
erroneous vertical data with the only indication being an off-centering of the 
bubble level. Because the operator watches a computer screen, and not the 
bubble level, a tilted instrument could go undetected. From the beginning, this 
error was minimized by sheltering the Geodimeter with an umbrella or by 
setting it up ina "dome shelter" located on the roof of the FRF building. 
Unfortunately, during the first year of use, some of the out-of-level errors were 
wrongly corrected for by recomputing the vertical angle correction, thus 
compounding the error. This type of error manifests itself as an offset of the 
survey data that increases with distance from the instrument. In several cases, 
the survey data for one or more profile lines collected in sequence shifted 
during one survey and then unnaturally shifted back for the next and later 

- surveys. When this shift was significant, the data were adjusted accordingly. 


A further source of error was vertical oscillations of the Geodimeter which 
occurred because of an improperly adjusted tracker amplitude. This resulted in 
jagged data with an oscillatory amplitude of a few centimeters. Although the 
data follow the true profile shape, it is difficult to remove the oscillations since 
they are not centered on the true profile. At its worst, the tracker would drift 
completely away from the prism and temporarily lock onto a horizontal plane 
above the actual position of the moving prism for a short distance before 
reacquiring the prism center, resulting in a “step function” appearance to the 
data. These problems affect the nearshore data of some of the profile lines 
from the September 1990 CRAB survey that is part of the 13-m-deep survey 
data and affected several of the minigrid surveys. These errors were not a 
problem in most of the minigrid data and are not to be confused with the 
megaripples, which were reliably surveyed on many of the profile lines. Data 
affected by these oscillations are characterized by small oscillations along the 
entire profile line with no smooth regions. Major changes caused by the 
tracker drift were identified by overlaying all surveys of each profile line and 
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deleting points that fell outside the overall envelope or had a “step” shape to 
them when compared to subsequent surveys of the same line. 


While these Geodimeter errors are unfortunate, their impact on the minigrid 
survey data is seldom > +15 cm in the vertical and is typically <+10 cm. 


Because of the height of the prism, data affected by the tilt of the CRAB on 
steep parts of the profile (particularly the foreshore and the bar slopes) were 
adjusted using an iterative technique in the analysis. The measured slope was 
used as a first guess to adjust the data points both horizontally and vertically. 

A new slope was then determined and a second pass, if required, was made. 
On a 10° slope typical of the beachface, the tilt can result in a +20-cm vertical 
adjustment to the data. 


13-m-Deep Survey 


The first 13-m-deep survey was conducted on 1 May 1990, followed by 
subsequent surveys on 2, 8, and 27 August 1990. All of the surveys were 
conducted with the Geodimeter 140-T, which was located on the end of the 
FRF pier and which tracked the sled as it was towed behind the LARC. 


The final 13-m deep bathymetry data were acquired on six different dates 
and include sled data from the three dates given above and CRAB survey data 
from the September FRF 26-line bathymetry survey and a preliminary minigrid 
survey on 19 September 1990. Unfortunately, the CRAB and sled data do not 
overlap well, resulting in discontinuities where the data sets meet. The 
difference is usually less than 20 cm, but the effect is quite pronounced on the 
bathymetric chart and on specific cross sections (an explanation for the 
discontinuities is given below). The most serious discontinuity, and the largest 
data gap, is around the 8-m pressure gauge array location. Neither the CRAB 
nor the sled were normally driven through the 8-m array. A special deepwater 
parallel pass was made alongside the array with the CRAB, but not until 
January 1991. In order to fill the data gaps in a reasonable way, a very large 
"search" area had to be defined in the gridding routine which was used to plot 
the data. This has the adverse effect of overly smoothing all of the data, 
particularly the irregular bottom found in the 10-to 13-m depth south of the 
pier. 


Problems with the sled were also encountered. These resulted primarily 
from the sled tilting sideways while on a turn, or backward when under tow. 
During the surveys on 2 and 8 August, strong currents caused the sled to tilt 
sideways when it was under tow. Consequently, these surveys were not used 
in the final data set unless they provided the only coverage of an area. Sled tilt 
results in a vertical error, which can show up as either a bump or a hole. If 
the tilt occurred gradually, it was difficult to identify and correct. 


Because of these problems, the data processing included rechecking and 
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recomputing the data points based on a reanalysis of the vertical angle 
correction data for each day (any out-of-level errors were not corrected for). 
Data with nearby coverage from the same or different days were overlaid and 
compared. The plan view and the cross-section view of each profile line were 
examined and suspect points, indicated by wide variations in depth between 
adjacent points, were removed. Where data from two surveys overlapped and 
didn't match well, data that best fit the rest of the data were retained. 
Confidence in a particular survey was determined by the overall smoothness of 
the data (no Geodimeter oscillation) and from the frequency and quality of the 
vertical angle error checks. Most of the data from the 1 May 1990 and the 27 
August 1990 surveys were kept. Data were deleted if there was evidence of 
sled tilt. Finally, the large gap in the data at 1,280 m longshore and 900 m 
cross-shore was filled with data from 1,100 m in the longshore. To reduce the 
total number of points only the median depth value of every three data points 
along a line was kept (limited by a maximum allowable distance and vertical 
change). Still, the raw data file includes over 10,000 points. It should be 
noted that all of the errors described in the 13-m-deep survey section result in 
less than 30 cm vertical error at the outer edge of the survey region. 


The 13-m deep survey data are shown in Figures A2 to A4. Figure A2 
shows the tracklines of all the data points used with profile numbers marked. 
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Figure A2. Sled tracklines from 13-m-deep survey. Numbers indicate 
profile lines surveyed; bold rectangles indicate end points 
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The 1 May 1990 data used FRF profile numbers, but the later data used a 
sequential numbering system primarily dictated by software restrictions. As 
can be seen in Figure A3 and the transects shown in Figure A4, the bottom 
580 m north of the pier (line 58), out to -13 m, is basically flat, while 516 m 
south of the pier (line 190), there are some interesting irregularities with cross- 
shore lengths of approximately 150 m, and vertical relief on the order of 1 m. 


Minigrid Surveys 


A series of 20 profile lines were surveyed every day during DELILAH 
beginning 1 October and continuing throughout the experiment. The lines 
were spaced approximately 25 m apart near the instruments and 50 m apart 
elsewhere. Profile lines, along with the locations of the nearshore instruments, 
are shown in Figure AS. All lines extended from the base of the dune to 
approximately 375 m offshore, except during the high wave period on 13 
October 1990. The dune section of each profile line was only surveyed at the 
beginning of the 
experiment. To provide 
continuity between 
surveys, the dune data 
points were 
automatically added to 
each survey. The 
surveys were sequential- 
ly numbered. Unlike 
the 13-m-deep survey, a 
median smooth was not 

“used to reduce the 
number of data points. 


Longshore, m 


Most of the changes 
which occurred resulted 
from the offshore 
movement of the inner 
bar. This can be seen 
in Figure A6, which 
over-plots all the 
surveys for profile line 
230, located just north 
of the cross-shore 
instrument line. The 
largest vertical changes 
occurred at 
approximately 160 m 
offshore and were Figure A5. DELILAH minigrid profile lines 


Cross—shore, m 
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Figure A6. Envelope of all surveys of profile line 230 


caused by the rapid development of the nearshore trough and the offshore 
movement of the bar. Seaward of 300 m, the bottom was stable and the 
influence of the errors previously discussed is more significant. 


One interesting feature that was measured for the first time at the FRF was 
large bed forms, or megaripples, which developed along some of the profile 
lines in the nearshore trough and seaward of the bar (Figure A7). These 
features are large enough to be felt by the wheels of the CRAB and are 
reflected in the data (the CRAB surveys the average elevation between the two 
back wheels). Because they appeared repeatedly from day to day, and were 
observed by the CRAB operators, there is convincing evidence that these 
features are not the result of the Geodimeter oscillations described previously. 
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Figure A7. Megaripple features in the trough and offshore of the nearshore bar 


Collection of the minigrid survey data under the changing DELILAH 
conditions was arduous. Some of the profile lines were perilously close to the 
instruments. Many individuals contributed to the survey data collection, most 
notably Messrs. Kimble Milliken, Doug Alden, and Brian Scarborough who 

-drove the CRAB and Mr. Steve Blanchard who processed all of the data and 
assisted in its collection. 


Table Al provides a summary, by profile and survey number, of the data 
collected. Numbers in the table are of computed cross-section volume changes 
(m?/m) between successive surveys. Surveys were conducted daily, but 
conditions limited the operation of the CRAB during 12-14 October 1990, 
when only the inshore portion of the lines could be surveyed and some of the 
lines had to be skipped completely. Following Table A1 are plots of the 
minigrid survey data, which are presented in two ways. First, the original 
cross-section data are displayed as comparison plots between successive 
surveys of all of the lines surveyed (Figures A8-A25). Then, contour and 
perspective plots are shown for each survey (Figures A26-A44). 
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Figure A8. DELILAH profile line cross sections, 1-2 October 1990 
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Figure AQ. DELILAH profile line cross sections, 2-3 October 1990 
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Figure A10. DELILAH profile line cross sections, 3-4 October 1990 
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Figure A11. DELILAH profile line cross sections, 4-5 October 1990 
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Figure A12. DELILAH profile line cross sections, 5-6 October 1990 
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Figure A13. DELILAH profile line cross sections, 6-7 October 1990 


Appendix A Surveying 


Elevation, m above NGVD 


Cross-shore Distance, m 


Figure A14. DELILAH profile line cross sections, 7-8 October 1990 


Appendix A Surveying 


7 Oct 90 
8 Oct 90 


Profile 
Number 


A117 


A18 


Elevation, m above NGVD 


Cross-shore Distance, m 


__ 8 Oct 90 
9 Oct 90 


Profile 
Number 


Figure A15. DELILAH profile line cross sections, 8-9 October 1990 
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Figure A16. DELILAH profile line cross sections, 9-10 October 1990 
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Figure A17. DELILAH profile line cross sections, 10-11 October 1990 
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Figure A18. DELILAH profile line cross sections, 11-12 October 1990 
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Figure A19. DELILAH profile line cross sections, 12-13 October 1990 
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Figure A20. DELILAH profile line cross sections, 13-14 October 1990 
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Figure A21. DELILAH profile line cross sections, 14-15 October 1990 
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Figure A22. DELILAH profile line cross sections, 15-16 October 1990 
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Figure A23. DELILAH profile line cross sections, 16-17 October 1990 
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Figure A24. DELILAH profile line cross sections, 17-18 October 1990 
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Figure A25. DELILAH profile line cross sections, 18-19 October 1990 
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Figure A26. DELILAH Minigrid Survey, 1 October 1990 
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Figure A27. DELILAH Minigrid Survey, 2 October 1990 
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Figure A28. DELILAH Minigrid Survey, 3 October 1990 


> 
& 


SABQUINN Bul] S]IfO44 


170 
180 
195 
200 
210 
215 
220 
225 
230 
235 
240 
250 
255 
260 
265 
1| 270 
') 275 
280 
\] 285 
290 


350 


-----. 


i] 
1 
i] 
' 
e 


re Gage 


essu 
250 
Cross—shore, m 


== == Oe Pees ee me ee ee 
25enggqgn (BORO SSS ese os ec 6ueSs 


FOP OM BSD eO SKK CoOod 


- 


Instrument 


Current Meter and P 


Current Meter 


235086655 oo0cooSSoSes 


SZLL SzoL S26 Sze S2Z 
uw ‘a1oysbuo7 


RPSessqgne 


rl 


4 OCT 90 


rir 
ie 
Ncaseonn 
A eee LSS 
SGESES 
Sess 
SSE 


eee 
(\\ 
Ay 


QNON a ‘UOYYO AS\A 


A32 Appendix A Surveying 


Figure A29. DELILAH Minigrid Survey, 4 October 1990 
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Figure A30. DELILAH Minigrid Survey, 5 October 1990 
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DELILAH Minigrid Survey, 6 October 1990 (crosses on right panel mark end of survey lines) 


Figure A31. 
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Figure A32. DELILAH Minigrid Survey, 7 October 1990 (crosses on right panel mark end of survey lines) 
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Figure A33. DELILAH Minigrid Survey, 8 October 1990 
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Figure A34. DELILAH Minigrid Survey, 9 October 1990 (crosses on right panel mark end of survey lines) 
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Figure A35. DELILAH Minigrid Survey, 10 October 1990 
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Figure A36. DELILAH Minigrid Survey, 11 October 1990 
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Figure A37. DELILAH Minigrid Survey, 12 October 1990 (crosses on right panel mark end of survey lines) 
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Figure A38. DELILAH Minigrid Survey, 13 October 1990 (crosses on right panel mark end of survey lines) 
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Figure A39. DELILAH Minigrid Survey, 14 October 1990 (crosses on right panel mark end of survey lines) 


SJaquINN aulq ajifoug 


170 
180 
195 
200 
210 
215 
220 
225 
230 
235 
240 
250 
255 
260 
265 
270 
275 
280 
| 285 
290 


v 
lay) 
ic) 
oO 
o 
3 
a 
a 


Instruments 
Meter ond Pre 
Cross—shore, m 


{ Meter 


---- Efe. 


an - > an . - Sa Bn aA 2g anoL . o no rate ONnnd ve SUED 
era SZLL SZOL Sz6 Sz StL 
Ww ‘a1o0ysbuo7 


rPesssoe 


eo 
OX 


\\ 
iS 
UA 
a 


\\ 
\\\ 
i) D 
etaetan 
audit 
oe 
Se 
s 
SS 


aan 
ol 
iS 

\\ 
seetens 
=e 


"J 
J 

- 
SS 


Sa 
mee 
Ay 
a 
Ss 


15 OCT 90 © 
i 
oe 

\K 
A 

A 
os 

AK 


ie 

i 
‘ 
9% 


i 


y 


SSN 


QNON 2 “BORONANA 


Appendix A Surveying 


R Figure A40. DELILAH Minigrid Survey, 15 October 1990 (crosses on right panel mark end of survey lines) 
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DELILAH Minigrid Survey, 16 October 1990 


Figure A41. 
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Figure A42. DELILAH Minigrid Survey, 17 October 1990 
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Figure A43. DELILAH Minigrid Survey, 18 October 1990 
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Figure A44. DELILAH Minigrid Survey, 19 October 1990 


> 
KR 
NI 


i ‘ ‘ : P ; i A b 
r ; h ie 4 
i i 3 
[ ' d noe 
ae ns , : 
‘4 , { v Lf 
; ul ler; 4 in ee eee ts 
} st J r ay ott ; u aa ao ( TL ORy EY, 
oS ed CTA iy Ti OS tial MOR TEA TRANS Ris 
} ( ay all Mai, CR i 
i oa <, a Gad iW _ , 
} Ba 1) rer Ty P iar ee ee OO ee 
pao ies “i ery moma Sad van iauties att a Aarti Wi 
A Pe , i 
; \ 1) 
\ 4 " 
| ij ; 
H | eats a eevee 
A wi ‘ 
j i 
i 
: ny ow 4 ayy a hs ie 
eee wT re ' d : Or ed 
‘ ‘ y fm a ‘eee’ “i aaa oe er ae | ‘ ‘ 
oe lane ss ght re Ci aba es ie 
m4 nro iat) Measles 
i ; i SD atacoas Ce a nash lati 
nie us ea 
: ; : i 
| 
i) 
te enh ; 
i i a 
i 
7 er » 
‘i 
pes = F 
‘s 
i ia : 
eg : 
ni 
i x ; 
h nit rs 
; ; ais 


Appendix B 
Video Data 


Seven monochrome video cameras (Table B1) were mounted on the Field 
Research Facility’s (FRF’s) 42-m-tall tower (Figure B1) and aimed at the 
minigrid area. These cameras were used to monitor wave run-up and incident 
wave dissipation. Runup cameras (R1, R2, and R3) used telephoto lenses for 
improved spatial resolution and viewed different regions of the beach. Two 
dissipation cameras used wider angle lenses for greater spatial coverage of the 
minigrid area. One dissipation camera (DS) measured wave breaking over the 
main cross-shore array of instruments. The other dissipation camera (HU), 
with a wider field of view, monitored wave dissipation over a larger region and 
provided images of bar morphology using Time Exposures. An infrared 
camera (IR) was used for testing nighttime measurements of runup and wave 
dissipation. A remotely controlled pan-tilt camera (DO) provided additional 
coverage for special purposes and served as a backup camera. The camera 
view angles are shown in Figure B2. 


Table B1 
DELILAH Video Cameras 


Remote Control 


Where: = horizontal view angle in degrees 


maximum range in meters 
= horizontal cross-shore resolution in meters 


= horizontal longshore resolution in meters 
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Fundamental to the video measurements is the transformation between two- 
dimensional video images and three dimensional world coordinates, which 
requires a determination of camera geometry. This was accomplished with 
visually identifiable ground control points (GCP’s) in the cameras’ field of 
view. The 38 GCP’s established during the experiment consisted primarily of 
white square signs or highway safety cones painted black and placed on the 
beach. Coordinates of the GCP’s are listed in Table B2 and shown graphically 
in Figures B3 and B4. Many of those GCP’s were temporary, with a select 
number positioned on any particular day. A few instrument pipes and the north 
property fence posts served as permanent GCP’s throughout the experiment. 

All video data, with the exception of time exposures, were collected on 12 
Super-VHS video cassette recorders. Each VHS tape recorded two continuous 
hours, with 4 or 5 runs (8 to 10 hours) collected each day. The collection 
schedule is listed in Table B3. Several duplicate tapes were made between 16 
and 19 October, with times staggered approximately 15 minutes, to ensure 
data redundancy and to obtain data in the time gaps between video runs. Data 
runs are sequentially numbered and include the camera designation. For 
example, run R101 refers to the first run of camera R1. Video tapes for each 
run had near-synchronous start times and a common SMPTE (Society of Motion 
Picture and Television Engineers) time code recorded on one of the audio 
tracks. All DELILAH tapes are in the possession of Dr. Robert Holman, who 
can be contacted regarding obtaining copies (see Appendix G). 


Figure B1. The FRF’S’s 42-m-tall observation tower. The photo 
shows the housing for the fixed-look video cameras(the remote 
control camera is on the leftmost corner) 
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Figure B2. Video camera footprints 
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B4 


Table B2 
DELILAH Cameras and Ground Control Points (GCPs) 
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Figure B3. Plan view of ground control point 
(GCP) positions 


Figure B3. Ground Control Points as viewed from the 
FRF Tower. 
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able B3 


DELILAH Video Log 


| WAVES 
12 ra Rea aaa wee 
Start Time VCR #1 [#2 #3 VCR #4 [VCR #5 | VCR #6 |[NGVD deg |m/s 


gor00s.1340 {rior _{rzo1_tngot_|psor | | _} 040,06, 8.2 36] 5.1} 78 


R202 


R203 


R204 
R205 


(Continued 
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able B3 (Concluded) 
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Video Time Exposures 


Table B4 summarizes the video tape data collected and used to compute the 
video time exposures. These data were recorded on a Video-8 format VCR. 
Copies of daily time exposures are shown in Figures B5 to B24. These were 
taken with the HU camera and are the result of averaging 10 min of video 


images at a rate | frame per second. 


Table B4 
Time Exposure Video Log 


Date.time__|Tape #_|Min. |Tide __| 


901000.1504__|toos | | 
pie pes fates [fh ah 


ae 
rising 
rising 
rising 
rising 
high 
901005.0847 high 
901005.1200 mid 
901005.1330 low 
901005.1552 | rising 
rising 
901006.0705 
901006.0800 
901006.1115 


901007.1705 
901008.0820 high 
901008.0820 falling 


901008.1312 mid 
low 


mid 
high 
falling 
falling 
mid 
falling 
low 


(Sheet 7 of 3) 
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Table B4 (Continued) 
Date.time __|Tape # [Min. [Tide 


rising 
mid 
high 
mid 
falling 
low 
mid 
high 
falling 
mid 


mid 
low 
rising 
mid 
rising 
rising 
rising 
high 
falling 
falling 


falling 
low 
rising 
rising 
rising 
rising 
mid 
rising 
rising 
rising 
rising 
high 
falling 
falling 


falling 
mid 
falling 
falling 
low 
rising 
mid 
rising 
rising 
rising 


falling 
falling 
mid 

falling 
falling 


901015.0800 
901015.0900 
901015.1000 


901015.1100 low 

901015.1200 rising 

901015.1300 rising 
mid 
rising 
rising 


Appendix B Video Data 


B9 


B10 


Table B4 (Continued) 
Date.time _|Tape # |Min. |Tide _| 


falling 

falling 
901016.0900 falling 
901016.1000 falling 
901016.1100 low 
901016.1200 rising 
901016.1300 rising 


ma 


901018.0900 
901018.1000 
901018.1100 


901018.1600 
901018.1700 


901019.1200 
901019.1300 


sor070.0600__ [ros Ino 
Lt Laer ee 
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Figure B6. 2 October 1990 at 1630 EST 
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Figure B8. 4 October 1990 at 1157 EST 
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Figure B10. 6 October 1990 at 1990 EST 
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Figure B12. 8 October 1990 at 1525 EST 


B14 Appendix B Video Data 


Figure B14. 10 October 1990 at 1650 EST 
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Figure B16. 12 October 1990 at 0921 EST 
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Figure B17. 13 October 1990 at 0900 EST 


Figure B18. 14 October 1990 at 1000 EST 
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Figure B19. 15 October 1990 at 1000 EST 


Figure B20. 16 October 1990 at 1000 EST 
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Figure B22. 18 October 1990 at 1300 EST 
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Figure B24. 20 October 1994 at O600 EST 
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Video Analysis of Runup 


Wave runup data were obtained using an Imaging Technology Incorporated 
video image processing system (model ITI-151) interfaced to a Sun host 
computer. By using the GCP’s as control and knowing the profile coordinates, 
time series of wave runup were generated from the video. Runup was 
measured along one beach profile line located near the primary cross-shore 
array, at longshore coordinate 986 m. Beach profiles were surveyed once per 
day near low tide. Camera geometries were computed for each runup 
collection. 


Onshore Distance Offshore 


Runup time series was 
performed by the Coastal 
Imaging Laboratory at the 
Oregon State University, 
Corvallis, OR. The runup 
analysis technique is based on the 
"timestack" method described by 
Aagaard and Holm (1989).' A 
timestack is created by digitizing 
every fifth video frame (6 Hz) 
and recording the pixel 
intensities in the image that 
correspond to the profile line 
location. These pixel values are 
then “stacked” in a matrix and 
saved on disk. This results in a 
matrix of pixel intensities with 
one axis being the pixel position, 
directly related to the distance 
across the structure, and the 
other axis being time. Ina 
typical timestack (Figure B25) 
the runup is clearly visible as a 
sharp change in pixel intensity, 
between the darker beach on the 
left, and the whiter foam of the 
runup on the right. 


The cross-shore position of 


the runup is determined from the Figure B25. Example segment of a runup 
runup edge position in the timestack 


timestack image. Image 


; Aagaard, T., and Holm, J. (1989). “Digitization of wave run-up using video records,” 
Journal of Coastal Research 5, 547-551. 
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coordinates of the edge are directly related to a time series of vertical runup 
excursion. Runup position in the timestack is found using edge detection 
algorithms combined with manual refinements when edge detection fails. After 
the edge detection is completed, image coordinates of the runup edge are 
transformed to a time series of vertical runup elevations. The 6-Hz timestack 
was decimated and saved as a 2-Hz time series. Standard Fourier wave 
analysis techniques were used to compute vertical runup spectra, runup wave 
height (R,,,), and peak period. Total record lengths were typically 119 min 
and processed in 4096-point (2,048-s) segments that overlapped 50 percent. 
The resulting spectra were smoothed in frequency with a 7-point band average, 
resulting in spectra with frequency resolution of 0.0034 Hz. Runup spectra 
were analyzed at the FRF. 


The wave runup spectra were divided into three wave frequency 
classifications; infragravity (0.005 to 0.04 Hz), swell (0.04 to 0.15 Hz), and 
sea (0.15 to 0.5 Hz). These divisions are not necessarily definitive. 
Infragravity waves, for example, can sometimes fall within the swell frequency 
range. Total significant runup wave height (R,,,) is computed from the sum of 
energy from all three wave bands (0.005 to 0.5 Hz). Record length, runup 
wave height, period, and percentage distribution of wave energy in the three 
categories is presented in Table B5 and plotted in Figure B26. 


The cross-shore range of runup was determined from each time series and is 
shown in Figure B27 superimposed on the daily beach profile. Mean runup 
position, mean water level recorded at the end of the FRF pier, and incident 
wave H,,, measured at the 8-m array are also listed in the figure. Beach slopes 
(B) in Figure B27 were computed between the two cross-shore positions on the 
profile that were +20 cm vertically from the mean runup position. This beach 
slope and incident wave conditions were used to determine a dimensionless 
surf-similarity parameter, the Irribaren number €, , as a measure of the 
dissipative/reflective nature of the beach. The Irribaren numbers shown in 
Figure B27 were computed as: 


where 
= incident deepwater significant wave height 
L, = deepwater wavelength 
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Rio (m) 


10/5 10/7 10/9 10/11 10/13 10/15 10/17 10/19 


T, (s) 


10/5 10/7 10/9 10/11 10/13 10/15 10/17 10/19 


% Energy IG 


10/5 10/7 10/9 10/11 10/13 10/15 10/17 10/19 


% Energy Swell 


10/5 10/7 10/9 10/11 10/13 10/15 10/17 10/19 


% Energy Sea 
=|=-NWOAOD 


10/5 10/7 10/9 10/11 10/13 10/15 10/17 10/19 
OCTOBER 1990 


Figure B26. Time series of wave height, period and energy derived from 
DELILAH runup videos 
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824 EST 5 OCT 1990 
é, 2.18 
Beach Slope 0.083 
Mean Cross-shore 111.0 m 
Meon Elevation 0.73 m 
Hmo 0.47 m 


1300 EST 5 OCT 1990 

0 1.09 
Beoch Slope 0.047 
MeonCross-shore 132.0 m 
Meon Elevation -0.36m 
Hmo 0.48 m 


7I3 EST 6 OCT 1990 

é, 1.93 
Beoch Slope 0.095 
Meon Cross-shore 107.0 m 
Mean Elevation 1.09 m 
Hmo 0.54 m 


917 EST 6 OCT 1990 
1.14 


fo 

Beach Slope 0.058 
Meon Cross—shore 112.5 m 
Meon Elevation 0.65 m 
Hmo 0.59 m 


1235 EST 6 OCT 1990 

é, 1.39 
Beach Slope 0.065 
Mean Cross-shore 136.5 m 
Meon Elevation -0.61m 
Hmo 0.51 m 


4 


2 


728 EST 7 OCT 1990 

g, 1.26 
Beoch Slope 0.074 
Meon Cross-shore 107.5 m 
Mean Elevation 1.22 m 
Hmo 0.64 m 


Elevation (m) 
0 


= Mean Water Level —— = Range of Runup 
= Average Runup Position ---- = Beach Slope 


100 120 40 160 180 200 220 
Cross—Shore Position (m) 


Figure B27. Runup excursion on beach profiles (Sheet 1 of 8) 
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Figure B27. (Sheet 2 of 8) 
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8 OCT 1990 
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8 OCT 1990 
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Figure B27. (Sheet 3 of 8) 
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= Mean Woter Level 
= Average Runup Position 
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6 1.65 
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Figure B27. (Sheet 4 of 8) 
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Mean Elevation 
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12 OCT 1990 
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1.42 m 


12 OCT 1990 


1.79 
0.134 
103.0 m 
1.22 m 
2.04 m 


13 OCT 1990 
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Figure B27. (Sheet 6 of 8) 
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Figure B27. (Sheet 8 of 8) 
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0.71 
0.092 
101.0 m 
0.86 m 
1.18 m 


1213 EST 19 OCT 1990 
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Appendix C 
Sediments 


Nineteen sediment samples were collected along profile line 230 on 
15 October 1990. Beach samples were scraped from the top layer of the beach 
face. Offshore samples were collected with a clamshell grab sampler by a 
person atop the Coastal Research Amphibious Buggy (CRAB) deck. The 
samples were then washed, dried, split, and sieved for analysis of grain size and 
sorting. The sieving was done with a sonic sifter, which sorts the sediments 
through small diameter sieves using high-frequency vibrations. 


The size distribution of each sample, along with its relative position along 
the profile, are shown in Figure C1. The overall nature of the cross-shore size 
distribution is typical of sediments at the Field Research Facility with a wide 
range in sediment size on the beach face and in the inner bar/trough region. 
Seaward of the inner bar, the sediment is composed of fine, well-sorted 
sediments. Detailed tables and plots describing each sample are shown in 
Figures C2 through C20. 
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Appendix C Surveying 


(EZ 


DELILAH S 


iment Sample - 1 


Location: Longshore = 1005.8 m, Cross-shore = 44.6 m, Depth = 5.85 m 


SIZE CLASSIFICATION: Gravel Clay 
(By Weight Percent) Coarse Medium 1 

Wentworth 0.02 30.97 55.88 : C 0.00 

Unified 0.00 0.02 42.96 é : 0.00 


STANDARD STATISTICS: Method of Moments 
Median Diameter 
Mean Diameter 
Standard Deviation 


Grain Size 
0.380 mm 
0.408 mm 


Folk Graphic Measures 
1.40 phi 
1.30 phi 
0.69 phi 


Diam. 


(phi) 


-1.50 
-0.25 


Weight 
GD) 


0.000 
1.905 


Skewness 
Kurtosis 


Diam. Weight 
(phi) (zB) 


0.023 
2.513 


Weight 
C%) 


0.000 


-0.21 
1.01 


Diam. Weight 
(phi) _(% ) 


-0.75 0.057 


Diam. 


(phi) 


Weight 
Ge) 


0.540 


4.811 0.50 
12.074 1.75 
1.200 3.00 
0.015 4.25 


4.792 
17.440 
0.423 
0.019 


5.358 
14.376 
0.098 


1.00 10.995 
2.25 7.410 
3.5 0.026 


11.995 
3.924 
0.008 


Sample: Delilah 1 
Moment Measures 
%* Mean 1.29 PHI 
Std. Dev. 0.70 PHI 
Skewness -0.47 
Kurtosis 2.94 


Folk Measures 
© Median 1.30 PHI 


Frequency Weight Percent 


Le) 1 
Grain Size (PHI) 


Figure C2. Grain size distribution for sediment sample 1, 15 October 1990 
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C4 


DELILAH 


Location: Longshore = 


SIZE CLASSIFICATION: 
(By Weight Percent) 
Wentworth 
Unified 


STANDARD STATISTICS: Method of Moments 


Median Diameter 
Mean Diameter 
Standard Deviation 
Skewness 

Kurtosis 


Diam. 


-1.75 
-0.50 


Weight 
(phi) C%) 


0.617 
4.274 
0.75 9.654 1.00 
2.00 4.993 2.25 
3.25 0.181 3.5 


imen 

1005.8 m, 
Gravel 

Coarse Medium 


2.16 67.08 23.88 
0.00 2.16 73.80 


Diam. Weight 
(phi) _(% ) 


-1.50 
-0.25 


0.000 


Sample: DELILAH 2 


Frequency Welght Percent 


Diam. 


(phi) 


-1.25 
6.692 0.00 
11.335 1.25 
2.527 2.50 
0.048 3.75 


0.55 phi 
0.64 phi 
0.89 phi 
0.15 
1.00 


Weight 
GE) 


1.040 
7.774 
6.716 
1.064 
0.000 


Moment Measures 


%* Mean 


Std. Dev. 
Skewness 
Kurtosis 


0.64 PHI 

0.89 PHI 
0.25 

3.04 


Folk Measures 


© Median 


Grain Size (PHI) 


0.64 PHI 


Cross-shore = 52.3 m, Depth = 7.51 m 


Clay 


Folk Graphic Measures Grain Size 


0.685 mm 
0.644 mm 


Diam. Weight 
(phi) _(%) 


-1.00 0.502 
0.25 13.819 
Ho Da@ile 
Col  AoBIil 
4.00 0.000 


Figure C3. Grain size distribution for sediment sample 2, 15 October 1990 
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DELILAH iment Sample - 3 


Location: Longshore = 1011.97 m, Cross-shore = 91.41 m, Depth = 2.86 m 


SIZE CLASSIFICATION: Gravel Clay 
(By Weight Percent) Coarse Medium 
Wentworth 11.96 51.28 22.37 
Unified 0.00 11.96 56.39 


STANDARD STATISTICS: Method of Moments Folk Graphic Measures Grain Size 
Median Diameter 0.52 phi 0.696 mm 
Mean Diameter 0.52 phi 0.55 phi 0.697 mm 
Standard Deviation 1.26 phi 1.31 phi 
Skewness -0.12 -0.01 
Kurtosis 2.19 0.83 


Diam. Weight Diam. Weight Diam. Weight Diam. Weight Diam. Weight 
(alm) C5) elm) C345) elm), (CA) elt) AO) ent), (CA) 


-2.25 0.000 0 3.014 -1.75 0.917 -1.50 2.448 -1.25 2.492 
-1.00 3.090 4.992 -0.50 6.280 -0.25 6.623 0.00 5.766 
0.25 7.895 : 5.953 0.75 5.829 1.00 7.947 1.25 5.104 
1.50 4.438 0 6.491 2.00 6.336 23) Dads) 2.50 4.649 
2.75 2.739 5 1.264 3.25 0.291 3.5 0.044 


Sample: DELILAH 3 


Moment Measures 
* Mean 0.52 PHI 
Std.Dev. 1.26 PHI 
Skewness -0.12 
Kurtosis 2.19 


Folk Measures 
© Median 0.55 PHI 


Frequency Welght Percent 


0 1 
Grain Size (PHI) 


Figure C4. Grain size distribution for sediment sample 3, 15 October 1990 
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DELILAH Sediment Sample - 4 


Location: Longshore = 1011.05 m, Cross-shore = 96.46 m, Depth = 2.18 m 

SIZE CLASSIFICATION: 

(By Weight Percent) 
Wentworth 


Unified 


Gravel Clay 
Coarse Medium 
1.34 52.82 26.02 


0.00 1.34 58.92 


STANDARD STATISTICS: 
Median Diameter 
Mean Diameter 
Standard Deviation 
Skewness 

Kurtosis 


Grain Size 
0.534 mm 


Method of Moments 


Folk Graphic Measures 


0.98 phi 
0.99 phi 
-0.01 
2.13 


Diam. 


(phi) 


-1.75 
-0.50 
0.75 
2.00 
3.25 


Weight 
C%) 


0.000 
3.262 
8.607 
7.854 
0.254 


Diam. 


(phi) 


-1.50 

-0.25 
1.00 
2.25 
3.5 


Weight 
Gis) 


0.005 


4.915 - 


10.893 
7.429 
0.060 


Diam. 


(phi) 


-1.25 
0.00 
1.25 
2.50 
3.75 


Weight 


(GZ) 


0.393 
5.622 
6.094 
7.184 
0.018 


Weight 
Cz) 


0.942 
9.313 
5.031 
3.520 
0.000 


Diam. 


(phi) 


-0.75 
0.50 
1.75 
3.00 
4.25 


Weight 
GE) 


1.811 
8.399 
7.045 
1.326 
0.023 


Sample: DELILAH 4 


Moment Measures 
* Mean 0.98 PHI 
Std. Dev. 0.99 PHI 
Skewness -0.01 
Kuntosis 2.13 


Folk Measures 
© Median 1.00 PHI 


Frequency Weight Percent 


Grain Size (PHI) 


Figure C5. Grain size distribution for sediment sample 4, 15 October 1990 
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Location: 


SIZE CLASSIFICATION: 


DELILAH S 


Longshore = 1010.83 m, 


Gravel 


(By Weight Percent) 


STANDARD STATISTICS: 


Median 
Mean 


Wentworth 
Unified 


Diameter 
Diameter 


Standard Deviation 


Diam. 


(phi) 


Weight 
C%) 


-2.25 0.000 
-1.00 2.282 
0.25 9.069 
1.50 6.556 
2515 Bolles 


Frequency Weight Percent 


Figure C6. Grain size distribution for sediment sample 5, 15 October 1990 
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Skewness 
Kurtosis 


Diam. 


(phi) 


-2.00 
-0.75 
0.50 
1.75 
3.00 


5.99 
0.00 


Method of Mom 


0.80 pl 
1.06 pi 
-0.36 
Qo 


Diam. 


(phi) 


“o05 
-0.50 
0.75 
2.00 
3.25 


Weight 
(CH 5) 


1.021 
1.338 
7.506 
8.532 
0.975 


iment Sample - 5 


Cross-shore 


Coarse Medium 
50.71 30.11 
5.99 57.93 


ents 


hi 
hi 


Weight 
(CH 5) 


0.945 -1 
BoA (0) 
7.455 1 
7.802 2 
0.209 3 


Sample: DELILAH 5 


} 
Grain Siz 


Diam. 


(phi) 


= 100.48 m, 


Fine 
13.18 
36.08 


Folk Graphic Measures 


0.85 phi 
0.83 phi 
1.07 phi 

-0.07 
0.93 


Weight 
C%) 


-50 0.684 
5) Dolls} 
-00 10.983 
-25 5.678 
oe) 0.015 


Moment Measures 


* Mean 
Std. Dev. 
Skewness 


0.80 PHI 
1.06 PHI 
-0.36 


Folk Measures 


© Median 


1 
2 (PHI) 


0.83 PHI 


0.00 
0.00 


Depth = 1.66 m 
Clay 


0.00 
0.00 


Grain Size 
0.556 mm 
0.575 mm 


Diam. 


(phi) 


Weight 
GE 


So25 07 
0.00 5.459 
1.25 7.220 
2.50 4.141 


Cy, 


DELILAH - 6 


iment Sampl 


Location: Longshore = 1009.99 m, Cross-shore = 105.69 m, Depth = 1.02 m 


Gravel Silt Clay 
Coarse Medium’ Fine 
2.42 42.79 33.96 20.82 


0.00 2.42 49.84 47.74 


SIZE CLASSIFICATION: 
(By Weight Percent) 
Wentworth 
Unified 


0.00 
0.00 


0.00 
0.00 


STANDARD STATISTICS: 


Standard Deviation 


Diam. 


(phi) 


-2.25 
-1.00 
0.25 
1.50 
2.75 


Median 
Mean 


Weight 
(G7) 


0.000 
1.067 
6.145 
6.904 
3.714 


Diameter 
Diameter 


Skewness 
Kurtosis 


Diam. 


(phi) 


-2.00 
-0.75 
0.50 
1.75 
3.00 


Method of Moments 


Weight 
Ge) 


0.012 
2.388 
5.812 
10.155 
1.734 


Weight 
C4) 


0.000 
3.208 
6.355 
9.853 
0.401 


Folk Graphic Measures 


1.17 phi 
1.10 phi 
1.05 phi 

-0.13 
0.88 


Diam. 


(phi) 


-1.50 

-0.25 
1.00 
2.25 
3.5 


Weight 
Cz) 


0.784 
4.387 
10.334 
7.953 
0.099 


Grain Size 
0.444 mm 
0.471 mm 


Diam. 


(phi) 


1) o3) 
0.00 
1.25 
2.50 
3.75 


Weight 
GS) 


0.555 
4.158 
7.052 
6.904 
0.019 


Sample: DELILAH 6 


Moment Measures 
% Mean 1.09 PHI 
Std.Dev. 1.03 PHI 
Skewness -0.37 
Kurtosis 2.44 


Folk Measures 
© Median 1.10 PHI 


Frequency Weight Percent 


0 1 
Grain Size (PHI) 


Figure C7. Grain size distribution for sediment sample 6, 15 October 1990 


Appendix C Surveying 


DELILAH 


Location: Longshore 


diment Sample - 7 


= 1008.98 m, Cross-shore = 111.20 m, 


SIZE CLASSIFICATION: Gravel 


(By Weight Percent) 
Wentworth 


Unifi 


STANDARD STATISTICS: 
Median Diameter 
Mean Diameter 
Standard Deviation 


32.76 35.11 


Coarse Medium Fine 
10.19 21.94 
ed 0.00 32.76 36.88 30.36 


Depth = 0.34 m 


Clay 


0.00 0.00 
0.00 0.00 


Method of Moments Folk Graphic Measures Grain Size 


0.09 phi 
1.63 phi 


-0.29 phi 
0.10 phi 
1.70 phi 


1.219 mm 
0.937 mm 


Diam. 


(phi) 


-2.25 
-1.00 
0.25 
1.50 
2.75 


Skewness 
Kurtosis 


Weight Diam. 
CA) (phi) 


0.000 
5.721 
4.510 
1.688 
5.600 


0.30 
1.69 


Diam. 


(phi) 


“lo 
-0.50 
0.75 
2.00 
3.25 


Weight 
(Gs) 


4.259 
6.581 
2.418 
4.025 
0.444 


0 
0 


Diam. 


-26 
-62 


Weight 


(phi) _(%) 
SHo50 oI 


-0.25 
1.00 
2.25 
3.5 


5.612 
3.016 
5.773 
0.065 


Diam. 
(phi) 


-1.25 
0.00 
1.25 
2.50 
3.75 


Weight 
GZ) 


6.226 
4.239 
1.776 
7.517 
0.012 


Frequency Weight Percent 


Figure C8. Grain size distribution for sediment sample 7, 15 October 1990 
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Sample: DELILAH 7 


Moment Measures 
* Mean 0.09 PHI 
Std. Dev. 1.63 PHI 
Skewness 0.30 
Kurtosis 1.69 


Folk Measures 
© Median 0.10 PHI 


Grain Size (PHI) 


cg 


DELILAH Sediment Sample - 8 


Location: Longshore = 1007.53 m, Cross-shore = 117.32 m, Depth = -0.29 m 


SIZE CLASSIFICATION: Gravel Silt Clay 
(By Weight Percent) Coarse Medium Fine 

Wentworth 0.17 22.58 53.73 23.52 0.00 0.00 

Unified 0.00 0.17 31.87 67.96 F 0.00 


STANDARD STATISTICS: Method of Moments Folk Graphic Measures Grain Size 
Median Diameter 1.61 phi 0.328 mm 
Mean Diameter 0 i 1.52 phi 0.358 mm 
Standard Deviation : 1 0.71 phi 
Skewness 0 -0.24 
Kurtosis e 1.09 


Diam. Weight Diam. Weight Diam. Weight Diam. Weight Diam. Weight 
@hip meee) (phi) (%) (phi) (ELD Gah) Gm) phi GZ) 


-1.25 0.000 -1.00 0.166 -0.75 : -0.50 0.973 -0.25 1.456 
0.00 1.741 0.25 2.884 0.50 0 0.75 3.933 1.00 8.487 
1.25 9.289 1.50 10.816 1.75 2.00 16.879 Zo Vio v2 
2.50 7.467 2.75 2.908 3.00 : 3.25 0.289 3.5 0.085 
3.75 0.024 


Sample: DELILAH 8 


Moment Measures 

* Mean 1.48 PHI 

Std.Dev. 0.73 PHI 
Skewness -0.75 


Folk Measures 
© Median 1.52 PHI 


Frequency Weight Percent 


0 1 
Grain Size (PHI) 


Figure C9. Grain size distribution for sediment sample 8, 15 October 1990 
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DELILAH Sedimen 


Location: Longshore = 1006.15 m, Cross-shore = 123.63 m, 


SIZE CLASSIFICATION: Gravel 


(By Weight Percent) 
Wentworth 
Unified 0.00 


STANDARD STATISTICS: 


Median Diameter 
Mean Diameter 
Standard Deviation 
Skewness 

Kurtosis 


Diam. Weight Diam. 
(phi) GS) (phi) 


-2.25 0.000 
-1.00 1.025 
0.25 5.066 
1.50 8.662 
Zo  Bofs}) 


Frequency Weight Percent 


Figure C10. Grain size distribution for sediment sample 9, 15 October 1990 
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Method of Moments Folk Graphic Measures 


1.20 phi 
0.91 phi 
-0.51 
2.65 


Weight Diam. Weight 
eS) (phi) GS) 


0.005 -1.75 0.020 
1.278 -0.50 2.541 
5.147 0.75 5.854 
13.042 2.00 12.491 
1.136 3.25 0.247 


Sample: DELILAH 9 


Coarse Medium’ Fine 
1.17 37.19 42.28 19.36 
Vol” 45.27 $5.56 


1.35 phi 
1.22 phi 
0.92 phi 
-0.23 
0.97 


Diam. Weight 
(phi) Gs) 


-1.50 0.000 
0523) Bossi 
1.00 10.456 
2.25 9.001 
3.5 0.035 


Moment Measures 


% Mean 


1.20 PHI 


Std. Dev. 0.91 PHI 
Skewness -0.51 
Kurtosis 2.65 


Folk Measures 


© Median 


°o 1 
Grain Size (PHI) 


1.22 PHI 


Depth = -0.93 m 


Clay 


Grain Size 
0.392 mm 
0.434 mn 


Diam. Weight 
(phi) C% 5) 


-1.25 0.121 
0.00 3.313 
1.25 8.082 
2.50 6.076 
3.75 0.005 


C11 


DELILAH Sediment Sample - 10 


Location: Longshore = 1006.25 m, Cross-shore = 137.57 m, Depth = -1.7 m 


SIZE CLASSIFICATION: silt 
(By Weight Percent) 
Wentworth 

Unified 


Gravel Clay 
Coarse Medium 
0.24 0.34 


0.12 0.28 


0.12 
0.00 


STANDARD STATISTICS: Method of Moments 
Median Diameter 
Mean Diameter 


Standard Deviation 


Folk Graphic Measures Grain Size 
0.121 mm 

3.04 phi 

0.39 phi 


Diam. 


(phi) 


2254) 
-1.00 
0.25 
1.50 
2.75 
4.00 
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Sample: DELILAH 10 Moment Measures 

%* Mean 3.04 PHI 
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Folk Measures 
© Median 3.06 PHI 


Frequency Weight Percent 


Grain Size (PHI) 


Figure C11. Grain size distribution for sediment sample 10, 15 October 1990 
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Location: Longshore = 1006.64 m, Cross-shore = 148.91 m, Depth = -2.29 m 


DELILAH Sediment Sample - 11 
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Figure C12. Grain size distribution for sediment sample 11, 15 October 1990 
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2.58 phi 0.182 mm 
0.59 phi 
-0.28 
1.59 


Weight jam. Weight jam. Weight Diam. Weight 
Ges) i C% 5) i GD ee Conia 8) 


0.021 - 0.000 0 0.360 -1.25 0.360 
0.946 0 0.637 : 0.406 0.00 0.262 
0.288 : 0.406 : 0.756 1.25 0.483 
1.707 0 4.328 9.197 2.50 18.331 
19.575 : 12.517 0 3.131 S57) osir/s) 
0.057 


Sample: DELILAH 11 


Moment Measures 
¥* Mean 2.46 PHI 
Std. Dev. 0.82 PHI 
Skewness -2.64 
Kurtosis 11.72 


Folk Measures 
© Median 2.58 PHI 


co) 1 
Grain Size (PHI) 


C13 


C14 


Location: 


SIZE CLASSIFICATION: 
(By Weight Percent) 
Wentworth 0.11 

Unified 0.00 0.11 


STANDARD STATISTICS: 


Median Diameter 
Mean Diameter 
Standard Deviation 
Skewness 

Kurtosis 


DELILAH imen mpl 


Longshore = 1007.65 m, 


-12 


Cross-shore = 192.47 m, 


Gravel silt 
Coarse Medium Fine 

0.94 22.36 76.57 0.02 
1.73 98.12 0.04 


Method of Moments Folk Graphic Measures 


Depth = -1.94 m 


Clay 


0.00 
0.00 


Grain Size 
0.203 mm 
0.205 mm 


Diam. 


(phi) 


Weight 
EZ) 


Diam. 


(phi) 


-1.75 
-0.50 
0.75 
2.00 
3.25 


Weight 
CE) 


0.011 
0.128 
0.101 
14.575 
4.072 


Diam. 


(phi) 


-1.25 
0.00 
1.25 
2.50 
3.75 


Weight 
C% ) 


0.005 
0.000 
0.785 
24.262 
0.171 


Diam. 


(phi) 


-1.00 
0.25 
1.50 
2.75 
4.00 


Weight 
Gs) 


0.091 
0.037 
1.516 
15.734 
0.027 


=f 

-0. 
O. 
1 
3 
4 


Frequency Weight Percent 


Sample: DELILAH 12 
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Figure C13. Grain size distribution for sediment sample 12, 15 October 1990 
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Figure C14. Grain size distribution for sediment sample 13, 15 October 1990 
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Figure C15. Grain size distribution for sediment sample 14, 15 October 1990 
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0.00 
1.25 
2.50 
3.75 


Frequency Weight Percent 


Figure C16. Grain size distribution for sediment sample 15, 15 October 1990 
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Figure C17. Grain size distribution for sediment sample 16, 15 October 1990 
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Figure C18. Grain size distribution for sediment sample 17, 15 October 1990 
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DELILAH Sediment Sample - 18 
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Sample: DELILAH 18 
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Figure C19. Grain size distribution for sediment sample 18, 15 October 1990 


Appendix C Surveying 


Location: 


DELILAH 


Longshore = 1005.82 m, 


SIZE CLASSIFICATION: 
(By Weight Percent) 
Wentworth 
Unified 


STANDARD STATISTICS: 


Median Diameter 
Mean Diameter 
Standard Deviation 
Skewness 

Kurtosis 


Weight 
Gs) 


0.000 
0.005 
0.043 
0.029 


Diam. 


(phi) 


-2.00 
-0.75 
0.50 
1.75 


13.769 3.00 
1.999 4.25 


Frequency Welght Percent 


Figure C20. Grain size distribution for sediment sample 19, 15 October 1990 
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Appendix D 
Current Meter Calibrations 


Two types of electromagnetic current meters were used in the DELILAH 
array, Marsh-McBirney 551's (Figure 4 in the main text) and Scripps 
Institution of Oceanography “open frame” sensors (Figure D1). All of the 
current meters were calibrated in a constant flow tank by the Naval 
Oceanographic Office in Bay St. Louis, MS. Each instrument was calibrated 
at five speeds ranging from 0.0 to 1.91 m/s and four probe orientations 
(+ X, +Y). All instruments deployed during the experiment were also 
postcalibrated. Because of the biological growth that developed on the open 
frame current meters, they were post-calibrated with and without the growth. 
Although the growth had decayed somewhat by the time the instruments were 
recalibrated, the results give some indication of their performance under fouled 
conditions. The calibration results, including pre- and postcalibration gains 
and bias values, and computed changes between the calibrations, are listed in 
Tables D1 and D2. 


Pre- and postcalibrations were used to adjust the collected time series data. 
In general, the precalibration was used unless the postcalibration was 
significantly different. Then, either the postcalibration was used or the pre- 
and postcalibrations were averaged. The decision to use only the 
postcalibration was based primarily on a comparison with nearby gauges 
during a time of high flow over linear bathymetry. In most cases, the current 
meter offsets were determined using the calibration curve for each channel of a 
given gauge and applied as a bias in volts (Figures D2 through D33). After 
plotting the time series in engineering units, however, further offsets of the 
velocities from zero were obvious for open frame channels 2711, 2731, and 
2741 in the crest subarray, and for Marsh-McBirney channels 2701 and 2901 
in the primary cross-shore subarray. These channels all measured cross-shore 
currents. The offsets appeared to be systematic throughout the duration of 
each time series, suggesting that a constant value applied to these data would 
be a satisfactory adjustment. To correct for these offsets, current velocities 
taken from these channels during a calm period (6-10 October) were correlated 
against data from channels which did not appear to require further offsets. The 
y-intercept of the regression curve for each channel was the offset applied in 
meters per second to the current velocities. Correlation coefficient (r°) values 
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D1 


D2 


for these regressions ranged from 0.77 m/sec to 0.90 m/s. The greatest offset 
of -0.231 m/s was applied to channel 2741. New biases were computed from 
the changed offset using the following equation: 


bias... = bias,;, + (Aoffset / gain,....). (1) 


The open frame electromagnetic current meters posed a particular problem 
because of unanticipated biological fouling. Normally, the offset can be field 
determined by comparing data collected at orientations of 0 deg and 180 deg. 
However, the high wave activity during the last 2 weeks of the experiment 
prevented this check from being accomplished. An analysis performed on the 
current meter data from the crest and trough subarrays indicates an increase in 
the gains of the open frame sensors from the beginning to end of the 
experiment. This analysis is described in detail in the “Data Processing” 
section of Appendix E. 


Comparison calibration plots for the open frame current meters and the 
Marsh-McBirney sensors, where the post-calibration differed from the pre- 
calibration, are shown in Figures D2 through D33. 
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Table D1 
Calibration Data for Open Frame Electromagnetic Current Meters 


Reale IE Ee 
Serial Gauge _ | Gain Bias Gain Bias Gain Diff. Gain Bias 
Number |Number |(m/s)/V_|V (m/s)/V_|V. % Diff. |m/s (m/s)/V_|V 
Y 2542] 1.083] 0.071 1.076| -0.433}] -0.646] 0.543} 1.366] -0.335]  Pre-cal. 
¥ 2712] 1.075} 0.131 1.072] 0.401} -0.279] -0.289] 1.416 0.347] Post-cal 
Vf 2742} 1.052} 0.120 0.960} 3.283] -8.745] -3.026] 1.189 4.816] Pre-cal. 
Vf 2722) 1.058] -0.102 1.049] -0.021} -0.851] -0.086}] 1.581 -0.018]  Pre-cal. 
Y 2732} 1.079] 0.078 1.087] 0.167] 0.741] -0.098} 1.576 0.098] _Pre-cal. 


Calibration 
Used 


Figure D1. The Scripps’ open frame 
current meter. The image was taken 
shortly after removal (note the biofouling) 
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D4 


able D2 
alibration Data for ee Inc. + SReeromasn ee Current ca 
4 eeny et ateccaL eee - - 
Serial Number Gain a Gain ne Gain Offset Lave cea ae Mee 
Number (m/s)/V (m/)/V % Diff. | Diff (m/s) | (m/s)/V 
$385 : 2321 0.823 0.009 0.907} 0.009} 10.207 -0.001 0.865} 1.084] Average 
2322 1.038 0.008 1.139] 0.008 Bre 730 Bea 001 1 a 0.008} Average 
$476 e 2331 1.125} -0.132] suspect Pre-cal. 
2332 1.253} -0.006} calibration Pre-cal. 
S760 X 2341 1.267) -0.013 1.290] -0.012 1. seal mat ail Pre-cal. 
Vf 2342 1.086} -0.015 1.095} -0.016 0.829 0.002 Pre-cal. 
S761 X 2351 1.583 0.032 switch| Pre-cal. 
Y 2352 1.581 0.012} to S762 Pre-cal. 
S762 X 2351 1.099] -0.051 1.122] -0.013 2.093 -0.041 Pre-cal. 
Y 2352 1.120 0.013 1.121} -0.004 0.089 0.019 Pre-cal. 
S765 X 1.154 0.023 1.177] -0.029 1.993 0.060 Pre-cal. 
Y 1.335 0.046 1.356] 0.067 1.573 -0.029) Pre-cal. 
S766 X 1.123 0.051 1.147) 0.051 2.137 -0.002) Pre-cal. 
Y 1.089 0.037 1.053] 0.127 -3.306 -0.094 Pre-cal. 
$837 . 0.941 0.029 1.230] 0.007} 30.712 0.018 Post-cal. 
0.949 0.025 1.0644 0.000] 12.118 0.024 Post-cal. 
$892 S 2311 1.277) -0.023 1.283] -0.015 0.470 -0.011 Pre-cal. 
2312 1.150 0.039 1.143] 0.040 -0.609 -0.001 Pre-cal. 
$972 X 2401 0.877] -0.299 1.064) -0.029] 21.323 -0.231 Pre-cal. 
Y 2402 1.048] -0.069 1.075] -0.032' 2.576 -0.038) 1.062 Average 
$1050 X 0.652] -0.014 0.650] -0.006 -0.307 -0.005 Pre-cal. 
Y 0.650] -0.014 0.649} -0.006 -0.154 -0.005 Pre-cal. 
$1080 y 1.093] -0.009) Post-cal. 
1.069} 0.006 Post-cal. 
$1013 x 2501 1.055} -0.001 1.0544 0.026 -0.095 -0.028 Pre-cal. 
2502 1.080 0.031 1.033} 0.030) -4.352 0.003 1.057} 0.031] Average 
$1015 _ 2801 1.036] -0.023} suspect Pre-cal. 
Y 2802 1.056} -0.004! calibration| Pre-cal. 
$1081 X 2301 1.000 0.002 1.010} 0.000 1.000 0.002 Pre-cal. 
Y 2302 1.029 0.001 1.039} 0.015 0.972 -0.015) Pre-cal. 
$1082 x 2201 1.013} -0.005 1.012] -0.003 -0.099 -0.002) Pre-cal. 
2202) 1.072} -0.193 1.065] -0.133 -0.653 -0.065 Pre-cal. 
$1083 x 2101 1.023} -0.013 1.018] -0.008 -0.489 -0.005) Pre-cal. 
2102 1.083} -0.012 1.053] -0.010) -2.770| -0.003) Pre-cal. 
$1084 X 2901 1.013] -0.011 Offset 
VV 2902 1.028] -0.052 1.040] -0.033 1.167 Pre-cal. 
$1012 X 2701 1.044 -0.029) 1.049] -0.038 0.479 -0.010 Offset 
Y 2702 1.089] -0.017 1.091] -0.021 0.184! -0.003) Pre-cal. 
Y 2602 1.051 0.052} destroyed Pre-cal. 
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Figure D2. Calibration data for S385-X. Average calibration used 
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Figure D3. Calibration data for S385-Y. Average calibration used 
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Figure D5. Calibration data for S476-Y. Pre-calibration used 
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Figure D6. Calibration data for S762-X. Pre-calibration used 
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Figure D7. Calibration data for S762-Y. Pre-calibration used 
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DELILAH CALIBRATIONS S765—X 
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Figure D8. Calibration data for S765-X. Pre-calibration used 
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Figure D9. Calibration data for S765-Y. Pre-calibration used 
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Figure D10. Calibration data for S766-X. Pre-calibration used 
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Figure D11. Calibration data for S766-Y. Pre-calibration used 
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Figure D12. Calibration data for S837-X. Post-calibration used 


DELILAH CALIBRATIONS S837-Y 


REGRESSION LINES: 
PRE=CAL 
.... POST=CAL 


Figure D13. Calibration data for S837-Y. Post-calibration used 
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Figure D14. Calibration data for S972-X. Post-calibration used 
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Figure D15. Calibration data for S972-Y. Average calibration used 
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Figure D16. Calibration data for S1013-x. Pre-calibration used 
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Figure D17. Calibration data for S1013-Y. Average calibration used 
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Figure D18. Calibration data for S1081-X. Pre-calibration used 
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Figure D19. Calibration data for S1081-Y. Pre-calibration used 
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Figure D20. Calibration data for S1082-X. Pre-calibration used 
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Figure D21. Calibration data for S1082-Y. Pre-calibration used 
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Figure D22. Calibration data for S1084-X. Pre-calibration used 
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Figure D23. Calibration data for S1084-Y. Pre-calibration used 
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Figure D24. Calibration data for OF6-X. Pre-calibration used 
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Figure D25. Calibration data for OF6-Y. Pre-calibration used 
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Figure D26. Calibration data for OF7-X. Pre-calibration used 
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Figure D27. Calibration data for OF7-Y. CLEANED post-calibration used 
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Figure D28. Calibration data for OF9-X. Pre-calibration used 
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Figure D29. Calibration data for OF9-Y. Pre-calibration used 
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Figure D30. Calibration data for OF10-X. Pre-calibration used 
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Figure D31. Calibration data for OF10-Y. Pre-calibration used 
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Figure D32. Calibration data for OF16-X. Pre-calibration used 
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Figure D33. Calibration data for OF16-Y. Pre-calibration used 
D20 
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Appendix E 
Stationary Instrument Data 


This appendix includes information about the mounting, positioning, and 
naming of the DELILAH array instruments. It also provides details on the 
basic measurements taken at the Field Research Facility (FRF), and a 
methodology for processing the data. Day-by-day sensor status reports 
(changes in instrument height, orientation, etc.) were included based on the 
experiment notes of Dr. Peter Howd and Dr. Edward Thornton. Other factors 
such as biological growth, bent sensor mounts, or changing local depths have 
not been included. Data from the surf zone arrays were collected continuously 
except for the time required to change tapes. 


DELILAH Array 


Instruments 


The 19 instruments of the DELILAH array are shown in Figure El. Nine 
instrument packages form the primary cross-shore array of the DELILAH 
array (indicated by squares in Figure El). These nine gauges were provided 
by the Naval Postgraduate School. Ten additional current meters, provided by 
Scripps Institute of Oceanography, were installed to form three subarrays 
(indicated by circles in Figure E1). One longshore subarray located in the 
trough consisted of six current meters. The second longshore subarray was 
formed by five current meters seaward of the bar crest, labeled the crest 
subarray. The third subarray was a three-gauge cross-shore array over the bar, 
between the two longshore subarrays. 


Each primary cross-shore subarray instrument package included a small 
ball (Model 512) Marsh-McBirney electromagnetic current meter, a Paro- 
scientific pressure gauge (except instrument package 80), and a Setra strain- 
gauge pressure sensor. The Paroscientific gauge was connected to a thin 
copper tube that was buried in the bottom in order to isolate the orifice from 
the current flow. The Paroscientific gauge was designed to measure wave- 
induced setup while the strain gauge pressure sensors measured wave energy. 
After considerable analysis at the Naval Postgraduate School, it was decided 
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Figure E1. 
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that because of the uncertainty in sensor height and other factors, the 
Paroscientific sensors could not be used to measure setup’. Data from all 
sensors (four channels) were internally converted to a digital signal and 
transmitted as a serial data stream back to shore. Each instrument package was 
connected to a data collection system using four-conductor, double armor, 
lightweight cable. Each electronics package was hose-clamped to the support 
pipes and connected to the cable with four-pin Brantner underwater connectors. 


Except for the two seawardmost instruments (80 and 90), the current meter 
probes for the primary cross-shore array were mounted on a separate line of 
pipes placed 1.5 m northeast of the instrument package/pressure gauge pipe 
(Figure 6 in the main text). At the five innermost positions (10 to 50), the 
current meter stinger was mounted downward, 30 cm away from the mounting 
pipe. All other stingers were mounted upright. Some of the downward- 
mounted stingers were adjusted during the experiment to keep them either 
above the sand or in the water. 


A second data acquisition system was used to sample the analog output 
from the 10 current meters in the three subarrays. Five Scripps open frame 
electromagnetic current meters mounted upward were used in the Crest sub- 
array. Five Marsh-McBirney current meters with their sensors mounted 
downward were used in the trough subarray. A single upward-mounted open 
frame (54) completed the secondary three-element cross-shore subarray. Each 
of these current meters was wired back to the base of the duneline using seven- 
conductor double armor cable. The cables were wired into watertight 
"Hoffman" boxes. Power to the Hoffman boxes was isolated through the use 
of DC-to-DC converters as a preventative measure to reduce potential ground 
loops. 


Figure E2 shows the location of the cross-shore instruments, including the 
initial position of the current meters relative to the changing bottom and water 
surface. Note the nearness of some sensors to the water’s surface. This was 
taken into account when processing the data from these sensors and is 
discussed in the data analysis section that follows. 


Current meter orientations were determined with an underwater digital 
compass mounted on a long nonmagnetic pipe so that it was not affected by the 
steel in the sensor mount. For Marsh-McBirney current meters (Nos. 2101- 
2352) the compass was read with the meters aligned to the direction of -y flow 
of the sensor ball. For the open frame meters, the compass was read with the 
meter aligned in the direction of +x flow. At the time of the DELILAH 
experiment, it was believed that the pier axis was 70 deg east of true north, 
and the current meters were aligned relative to the pier. More recent measures 
have computed the pier orientation at 71.8 deg. Current meter orientations are 
listed in Table E1. 


J Personal Communication, 29 April 1997, Dr. Edward Thornton, Dept of Oceanography, Naval Postgraduate School, 
Monterey CA 
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Figure E2. Location of the cross-shore current meters at the start of DELILAH along with 
the profile changes. Vertical arrows mark the two longshore subarrays 


A Met One anemometer was mounted on the top of the pipe at position 35. 
The anemometer was hit by high waves and failed on October 13. 


DELILAH array gauge numbering 


The following tables list the DELILAH instruments by gauge number and 
name. The gauge number is a four-digit number uniquely identifying the 
gauge, while the gauge name is a short alphanumeric string that identifies both 
the type of instrument and the location. Both were required to collect and 
process data at the FRF. 


Included in both labels is the location numbering scheme (Figure E1) 
which uses a two digit-number to locate every surf zone instrument. The first 
digit (1-9) refers to the cross-shore locations starting at the shoreline and 
moving offshore. The second digit numbers the longshore location starting 
with O at the primary cross-shore array and increasing to 5 at the southernmost 
gauge location. 


The gauge number is stored in the header of the FRF's time series data 
(along with other information such as the gauge depth, gain, and bias). It is 
composed of four digits. The first digit, always a 2, identifies the gauge as a 
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DELILAH instrument. The middle two digits refer to the location code 
described above. The last digit identifies the sensor (or channel) at that 
particular location. The sensors used were: 


Current speed in the X direction. 
Current speed in the Y direction. 
Paroscientific pressure gauge. 
Strain gauge pressure sensor. 


Boge 


Thus, a gauge number of 2503 is a DELILAH instrument, located at the 50 
position, the fifth offshore gauge on the primary cross shore subarray, and is 
the Paroscientific pressure gauge (type 3). 


The Gauge Name is used only to describe the particular gauge. It is not 
stored with either the raw time series or the FRF's summary statistics file. 


The following conventions are used: 


CM - Current meter (Either open-frame or Marsh-McBirney). 


PD - Pressure gauge to measure water Depth. This refers to the 
buried Paroscientific pressure sensors designed to measure 
setup. 

PW - Pressure gauge to measure Waves. Refers to the strain gauge 

pressure sensors to be placed on the cross-shore array. 
NYG - Current measurement, positive to the south (also known as U). 
x - Current measurement, positive offshore (also known as V). 

SLED - This word precedes the names of instruments mounted on the 

sled. 


Current meters and pressure gauges used in DELILAH are listed in Tables 
E1 and E2, respectively. The tables include gauge name, gauge number, serial 
number plots, gain, bias, and coordinates relative to the FRF coordinate 
system. The signs of the gains may differ from those listed in Appendix D. 
The signs have been adjusted to compensate for instruments being mounted 
downward. A negative gain flips the data of the channel so that they 
correspond to the conventions of: 


+Y - a southward-moving longshore current. 
+X - an offshore-moving cross-shore current. 


DELILAH array data collection 

Data were sampled at 8 Hz except for the Paroscientific sensors, which 
were sampled at 1 Hz. The primary cross-shore array had an unanticipated 4 
to 8-sec gap in the data which occurred approximately every 20 min as a result 
of the microprocessors used. The 10 current meters in the three subarrays did 
not have these data gaps. These gaps in the time series were filled with values 
of -9999 so they are easily identified. There was no way to eliminate these 


gaps. 
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Table E1 
DELILAH Array Current Meter Locations and Gauge Numbering 
FRF Coordinate System i 
Gauge |Direction 

Gauge Gauge Serial Longshore |Cross-shore Depth Depth from true 

Name Number {Number m m m m N deg 

CM10 X 2101 }90990/S1083 985.95 125.06 -0.28 0.07 162.3 
Y 2102 

CM20 X 2201 |9089/S1082 985.94 144.99 -1.39 -0.77 162.3 
Y 2202 

CM30 X 2301 |90988/S1081 985.61 169.97 -0.87 162.3 
Y 2302 

CM40 X 2401 ]81161/S9721 985.95 188.94 -1.32 -0.82 162.3 
Y 2402 

CM50 X 2501 181455/S1013 985.88 207.41 -1.88 -0.98 160.9 
Y 2502 163.7 

CM60 X 2601 |81453/S1011 986.08 226.25 -2.33 -1.02 162.3 
Y 2602 

CM70 X 2701 |81454/S1012 985.91 245.00 -3.03 162.3 
4 2702 

CM80 X 2801 |81456/S1015 985.97 295.21 -3.68 162.3 
Y 2802 

CM90 X 2901 |90991/S1084 986.11 370.12 -4.25 -1.68 162.3 
Y 2902 

CM31 X 2311)MM S892 967.22 169.57 -0.82 160.9 
\/ 2312 163.7 

CM32 X 2321)MM S385 936.44 168.68 -1.86 -0.78 162.3 
Y 2322 

CM33 X 2331]MM S476 926.17 168.21 -1.88 -1.67 162.3 
Y 2332 

CM34 X 2341 |]MM S760 856.09 166.06 -1.60 -0.82 161.6 
Y 2342 

CM35 X 2351})MM S761 806.37 164.87 -0.92 
Y 2352 


2351 |MM $762 Replaced MM $761 at 1251, 3 Oct 91 
2352 


Y 

CM54 X 2541 |Open Frame 6 855.87 210.37 -2.09] -1.02 252.3 
VY 2542 

CM71 X 2711 ]|Open Frame 7 966.04 244.36 -3.02] -0.93 252.3 
f 2712 

CM72 X 2721 |Open Frame 10 936.08 243.65 -3.07} -1.01 252.3 
Vf 2722 

CM73 X 2731 |Open Frame 16 926.06 243.16 -3.11 -1.04 252.3 
V4 2732 

CM74 X 2741 |Open Frame 9 856.05 240.88 -3.21 -1.27 252.3 
Y 2742 


’ Coordinates are relative to the FRF coordinate system which is orthogonal to the research 
pier. The origin of this system is on the southern property line, behind the dune crest. 
? Depths relative to NGVD at start of DELILAH. 
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TABLE E2 
DELILAH Array Pressure Gauge Locations and ae 


FRF Coordinate reer ee 
Gauger 
Gauge | Gauge Serial Gain® Bias* Se aes Depth Bent 
Name Number Number (m/s)/V_|V 


Paroscientific Pressure Gauges (Water Depth Measurement) 


| epro| 2103| szoso]_ 1.0] io _—se4.ai] 124.86] -0.28] 0.07 | 
| po20| 2203| 20439| 1.0/ o|_—vea.s| 145.03] 1.39] -0.69 | 
| oso] 2303] 32088] 1.0| o|_—984.99| 169.78] -0.87] 0.55 | 
| pao] 240s] so7a5] 1.0] o|__—aes.o1| _tea.6o] -1.32[ -0.67 | 
| poso| 2503] 0566] 1.0] o|_—sea.ze| 207.54] 1.88] 0.78 | 
| poso| 2603] sos4a] 1.0] o|_—98s.z0| 226.46] -2.2a] 0.81 | 
| ovo] 2703| 30564] 1.0] o|_—985.07| 245.02] -3.03] 1.00 | 


| oso] 2903] sose5] 1.0] of seen] a7o.12] 4.25] 3.26 | 


Strain Gauges (Wave Measurement) 


| pwio| 21oa| #20 o|_—ea.ai] rza.e| -o.28] -0.65 | 
| ew2o| 2204] as] to] o|_—ga4.75| 145.03] 1.39] -0.86 | 
| ewso| 2304] #4] t.0] o|_—se4.co| 169.78] 0.87] -0.75 | 
| ewao| 24a] #5] 0] io] sas.on| tae.60] 1.32] -o.86 | 
| ewso| 2504] fe] 1.0] o|_—gea.e| 207.54] 1.88] 0.98 | 
eweo] 2604) #7] co] | __985.20] 226.46] -2.28| 1.22 | 
| Pwo] 27oa]| te] 1.0] o|__g85.07| 245.02] 3.03] 1.20 | 
| Pwaeo| zea] fa] .0] o|_g5.97| 295.21] 3.68] 3.04 | 
| pwool 2004] vs] tof of ose] avora] -a.25[ 3.06 | 


‘Coordinates are relative to the FRF coordinate system which is orthogonal to the research pier. The 
‘llorigin of this system is on the southern property line, behind the dune crest. 

? The gain and bias values for these sensors were already adjusted for prior to the data being written. 

° Depths relative to NGVD at start of DELILAH. 


Gains and biases applied can be found in the data file headers of each time 
series. Several of the gauges (CM73 at 0939 on 20 October, CM71 at 1030 
on 20 October, and CMS50 at 1358 on 4 October) were rotated 180°during the 
experiment, noted as a change in the sign of the gains, in order to conform to 
other Marsh McBirney current meter orientations. Other orientation changes 
that occurred and must be noted include: gauge CM31 rotated 20° clockwise 
(visually estimated) at 1330 on 15 October, gauge CM10 rotated 2° clockwise 
between the beginning of collection at 0834 and end of collection at 1455 on 11 
October and also re-aligned 17.6° clockwise between 0624 and 1330 on 18 
October, and a re-alignment of gauge CM20 rotated 28.1° counter-clockwise 
between 0624 and 1330 on 18 October. In addition, a 10° landward bend from 
vertical in Gauge CM73 was corrected at 0939 on 20 October. These rotations 
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were noted in the time series headers. 


Throughout the experiment, two current meters, CM10 and CM20, were in 
a zone that experienced large bathymetric change. This necessitated moving 
the gauges up and down in order to ensure that they remained submerged in the 
water but were sufficiently far above the sediment surface. Gauge CM10 was 
moved up on 7 and 8 October and down on 9,11, and 18 October. Gauge 
CM20 was moved up on 7 and 8 October. Measurements of how far up or 
down these gauges were moved were recorded and the time series headers were 
modified. 


The electronics package at position 60 (Figure E1) was lost during the high 
waves of Hurricane Lili at approximately 0700 on October 11. The sensors at 
position 30 stopped functioning a few days later. 


DELILAH array data analysis 


Although several of the current meters were vertically adjusted to maintain 
submergence and to remain above the bottom, several of the shallower gauges 
would occasionally became exposed in the wave troughs, particulary during 
low tide. A technique for determining when the current meters were exposed 
is presented, and was used to mark time series headers with a data quality 
parameter for exposed sensors. Several methods for estimating gauge exposure 
could be envisioned, the one presented here was used since it was fairly simple 
to employ. This technique finds the lowest trough elevation in each pressure 
gauge record (Setra gauges), then determines if the position of the 
corresponding current meter is above the lowest trough. This was a reasonable 
approach, particularly for the primary cross-shore array, since the current 
meters and pressure sensors were only separated by 1.5m. The 10 current 
meters in the sub-arrays did not have co-located pressure gauges, so 
comparisons were made with primary cross-shore array pressure gages at the 
same cross-shore coordinate. Longshore homogeneity of the wave field was 
assumed. 


DELILAH array pressure gauges recorded offsets and daily variations 
which were corrected by comparison to the Paroscientific pressure gauge 
LA33 (gauge number 231) in the FRF’s permanent 8-m array. Gaps 
sometimes occurred in the data from gauge 231. If the gaps were less than 30 
minutes in length, interpolation was used to attain water levels for those times. 
On 20 October, 1990 gauge 231 stopped functioning, from that time forward, 
the tide gauge located at the end of the pier was used for water level 
comparisons (Gauge 1, Figure E3). The tide gauge was not used for correcting 
water levels through the entire experiment because the signal from this gauge is 
typically not as accurate as the signal from the Paroscientific gauge. It samples 
a single point every six minutes which results in a noisier signal. This method 
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does not take into account any potential wave setup between the 8-m array and 
the nearshore DELILAH array. The changes in the water levels for the current 
meters resulting from this analysis are presented in Figure E4. 
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Figure E3. Schematic showing position of FRF’s stationary instrumentation 
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Figure E4. Changes in water levels for current meters resulting from comparison to 8-m 
array Paroscientific pressure gauge 231 
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An additional data quality analysis was performed on each current meter 
record to determine the effect of biofouling on signal attenuation. This 
procedure, referred to as the PUV-test, Z(c), used a ratio of surface wave H,,, 
computed from pressure gauges and current meters, to estimate a gain 
correction for the current meters. The method to calculate the PUV-test 
follows. 


Pressure gauge data (in units of meters of sea water) were surface normal- 
ized by the pressure response function K(z,d,k) = coshk(z + d)/coshkd, 


where Z is gauge depth from (ensemble) mean sea level, d is total water 
depth, and & is radian wavenumber (related to radian frequency © by the 
dispersion relation 0” = gk tanhkd) immediately after Fourier transformation, 
by dividing the complex Fourier coefficients at frequencies 0 by K(z,d,k). 
Current meter data were surface normalized in a similar fashion except that the 


Fourier coefficients were divided by gk K(z,d,k). In linearized wave 


(0) 
theory, the auto-spectrum from surface normalized pressure C5) is equal to 


the sum of the auto-spectra from the two surface normalized velocity compo- 
nents C,,(0) and C,(o) for uw and v, respectively. A routine check on data 


quality for co-located pressure and current meter data , the PUV -test, is to 
compute the function ,Z’(o) = CA o)/[C_,(0) +C,(o)],which was expected 


to be unity in the wind-wave pass band of frequencies in regions where linear 
theory applies. 


The PUV-test analysis used the same gauge pairs as the exposed current 
meter analysis, current meters without colocated pressure gauges were matched 
with primary array pressure gauges at the same cross-shore coordinate. Again, 
longshore homogeneity was assumed. An average PUV-test is calculated for 
each current meter record over a select frequency range of the Z(c). This 
PUV-test is averaged over the half-power bandwidth in the pressure gauge 
energy spectra, for the spectral peak that lies in the wind-wave band (0.4 to 
0.05 Hz). These PUV-test values are used as a multiplier to adjust the mean 
current amplitudes. Inherent in this treatment is the assumption of uniform 
fouling between both axes of each current meter. Corrected and uncorrected 
current velocities, and PUV-test values are recorded in the DELILAH statistics 
database. Plots of the PUV-test values are presented in Figures ES and E6. 
These data are noisy because averages are taken over short time segments. 
PUV-test plots for current meters that are not colocated to pressure gauges are 
especially noisy. The noisiness increases with the distance between current 
meter and pressure gauge. Plots CM71, CM72, CM73 and CM74 demonstrate 
this spatial inhomogeneity. The consistent PUV-test value of less than one for 
gauge CM90 indicates the pressure gauge was either lower in the water than 
believed or the current meter was higher. 
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Figure E5. PUV-test values for gauges in the primary cross-shore subarray 
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Figure E6. PUV-test values for gauges in the secondary cross-shore, trough and crest 
subarrays 
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Data from each instrument in the primary cross-shore subarray, the trough 
array, and crest array are plotted in Figures E7 through E12. Gauge 1 in these 
plots is a primary National Oceanic and Atmospheric Administration tide gauge 
located at the end of the FRF pier. These plots have been processed to handle 
data gaps, establish gauge depths relative to mean sea surface, and eliminate 
gauges that became exposed at low tide. Analysis has indicated the data set is 
of highest quality between 6 and 16 October. In the first few days of the 
experiment problems existed in the collection system and gauge elevations and 
orientation were being adjusted. After the 16 October biofouling of current 
meters had significantly attenuated the sensor response, this was especially true 
for the Scripps Open Frame gauges. For these Open Frame gauges, there 
appears to be three identifiable portions of the experiment where three separate 
gains can appropriately be applied to each Open Frame current meter. The 
PUV-test values remained fairly constant during the first portion of the 
experiment, from 1 October through 8 October, then increased from 9 October 
through 13 October, and stabilized again from 14 October through 19 October. 
When these PUV-test multipliers are applied to the data, differences in the 
current velocity as great as 0.24 m/sec (27.5 % change in velocity) can result. 
For these reasons DATA COLLECTED USING OPEN FRAME SENSORS 
SHOULD BE USED WITH CAUTION. 


E14 Appendix E Stationary Instrument Data 


Woter Level from NGVD. m Gauge 12351 


aS Longshore Current, m/sec (+) south Gauge 2302 


OOS Nh pith 


= Longshore Current, m/sec (+) south Gauge 2402 


a f Maral po 


Longshore Current, m/sec (+) south Gauge 2502 


x7 


-1.54 

ie Longshore Current, m/sec (+) south Gauge 2602 
0.54 

0 

NF TM aa | 

es poaaaren 

-1 “ 
=1.5 

a Longshore Current, m/sec (+) south Gauge 2702 
0.54 


{ 


= Longshore Current, m/sec (+) south Gouge 2802 


45 Longshore Current. m/sec (+) south Gauge 2902 


ihe op a on 2S a Se i Seo aia lin ile tno mlnminla i. pln ae 
RD 3% & 8 6 F & F HH Bs 2 6 GB YW 18 9 2 2 2 
OCTOBER, 1990 


Figure E7. Longshore Currents, primary cross-shore subarray 
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Figure E8. Cross-shore currents, primary cross-shore subarray 
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Figure EQ. Long shore currents, trough and crest subarrays 
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Figure E10. Cross-shore currents, trough and crest subarrays 
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Figure E11. Wave heights and water levels, cross-shore pressure strain gauges 
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Figure E12. Wave heights and water levels, cross-shore Paroscientific pressure gauges 
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FRF Permanent Instrumentation 


A group of instruments that is permanently installed at the FRF allows for 
the continuous collection of oceanographic and meteorologic data. During 
large cooperative experiments, such as DELILAH, these instruments not only 
provide researchers with information on conditions during the experiment, but 
also with an invaluable archive of data from which to compare and interpret 
trends. The permanent instrumentation includes the 8-m array; Baylor wave 
gauges; waverider buoy; and gauges for wind speed, wind direction, tide, 
atmospheric pressure, and temperature. Table E3 lists the FRF permanent 
instruments by name and number and includes gain, bias, coordinates relative 
to the FRF coordinate system, and gauge depth. Figure E3 is a schematic 
depicting the location of these instruments. 


An additional numbering convention for FRF permanent instrumentation is 
used to refer to combinations of gauges. This is a four digit gauge number that 
associates a name with the results of a multi-sensor data analysis. Among 
these four-digit combination gauges are 3111, which is the pressure sensors in 
the 8-m array; 3519, which is the vector averaged currents of the PUV gauge 
in the 8-m array; and 3932, which is the vector averaged wind speed and 
direction. Statistics from these and other gauges show the basic climatology 
during DELILAH in Figure E13. 


8-m Array 


The 8-m array is composed of a linear longshore array of ten pressure 
sensors (Nos. 101-191), a cross-shore array of five pressure sensors (Nos. 211- 
251), and a combination pressure/current meter (PUV) (Nos. 511, 519, and 
529) within the array. The fifteen pressure gauges are mounted approximately 
0.5 m off the bottom in the vicinity of the 8-m isobath. The array employs 
pressure sensors, manufactured by Senso-Metrics Inc., with a range of 0-25 
psir (pounds per square inch relative to 1 atm). Each sensor was statically 
calibrated prior to deployment and mounted on a 2-in.-diam pipe jetted into the 
ocean bottom. A complete analysis of the data results in a three-dimensional 
directional spectra as illustrated in Figures E14 through E24. Characteristic 
wave heights from spectral observation are most frequently given as H,,,, 
which is four times the standard deviation of sea-surface displacement. It can 
be determined from the volume under the frequency-direction spectrum by the 
equation: 


5 N M 
Hr, = 16) Y S(,,8,,) afa0 (1) 


It can also be found from the integrated frequency spectrum by: 
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N 
EE = 16 SUF, of (2) 


which is its more conventional definition, or from the integrated direction 
spectrum (Equation 3) by: 


eS ES S(6,,) dO (3) 


m=] 


Peak wave period (T,) and peak direction (0,), can be determined by 
integrating the data in both direction and frequency as shown by the graphs on 
the vertical panels in Figures E12-E22. Note that as defined, the peak 
direction does not necessarily correspond to the waves which occurred at the 
peak period (i.e. peak energy). The PUV directional wave gauge consists of a 
Marsh-McBirney electromagnetic current meter and a Senso-Metrics Co., Inc. 
pressure sensor. It is mounted on a tripod located within the linear array. 
Wave direction is measured in degrees relative to true North and indicates the 
direction the waves are coming from. A detailed discussion of the data 
processing required to transform measured time series to estimates of 
frequency-direction spectra may be found in Long and Atmadja (1994)'. 


Surface Wave Gauges 


The Baylor gauges and the waverider buoy are two different types of 
gauges used to collect wave information. The Baylor gauges (nos. 625 and 
645) are surface piercing inductance staff gauges mounted on the pier at the 
locations indicated in Table E3 and Figure E3. The waverider (no. 630) is an 
accelerometer buoy located four kilometer offshore. Data analysis is similar 
for the two gauge types. Data were collected in 34 min records, which 
consisted of 4,096 data values (representing the voltage output of the sensor) 
sampled at 2 Hz. After the voltages were converted to engineering units using 
the sensor calibration factors, the time series were edited to eliminate 
erroneous jumps and spikes. 


Wind Gauge 


Measurements of the wind speed (no. 933) and direction (no. 932) were 
made at the seaward end of the research pier using a Qualimetrics Corporation 
Skyvane Model 2101 anemometer. Wind directions are reported relative to 


Long, Charles E., and Atmadja, Juliana. (1994). “Index and Bulk Parameters for 
Frequency-Direction Spectra Measured at CERC Field Research Facility, September 1990 to 
August 1991,” Miscellaneous Paper CERC-94-5, U.S. Army Engineer Waterways Experiment 
Station, Vicksburg, MS. 
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true North with onshore winds having a direction of 71.8°. Summary 
statistics of 34 minute mean values of these data are presented as the wind 
vector plot in Figure E11. 


Tide Gauge 


Water level data were collected by a National Oceanic and Atmospheric 
Administration (NOAA) tide gage located at the seaward end of the research 
pier (Gage 1). A 6 minute mean value from the tide gauge, computed once per 
hour, is plotted as water level from NGVD in Figures E7 through E13. 


Barometer and Thermometer 
Atmospheric pressure (gauge 616) and air temperature (gauge 624) were 
measured by Yellow Springs Instrument Co. sensors installed at the FRF 


building. Summary statistics of 34 minute mean values of atmospheric 
pressure is included in Figure E13. 


Appendix E Stationary Instrument Data E23 


25 Water Level from NGVD, m Gauge 1 


0 tt tt rt tt tt 


20-7 Wave Period, T,, sec Gauge 630 


10) a ee 


3-5 Wove Height, H..5, m Gouge 625 


20-5 Wave Period. T,. sec Gauge 625 

154 

5 . 

gS ee seer ee 2 CE oa ee 
aa Wove Height. H,,,. ™ Gauge 645 


0} tt st tt rt 


20- Wave Period. T,. sec Gauge 645 
154 
10 
ae dW  nmiteeiiicorae Mineenciaae oon O82 he 
) 
160-5 Wave Direction, Deg True N Gauge 3111 
100 
40 
-20 
Wind Vectors Bim/sec Gaug 3932 
| offshore 
4 oN id\' US SO ee A wl 
Ww A ae Ap, 
Nin ar a aaa a: 
5 Current VE CLOUS  Gieeg A ImAces Gauge 3519 
x Wee NY NV a yb bah yy 9 2d 2 yh nM\aatthy sda A Syn r WAY, 


1040-5 Atmospheric Pressure, mb Gouge 616 
10304 
1020-4 
gy ee 
10004 
990 
1 3 5 7 9 11 13 15 17 19 21 


OCTOBER, 1990 


[eS eal ool en sen 


Figure E13. FRF instrumentation 
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Figure E14. Representative frequency-direction spectra from 8-m array for 1 and 2 October 
1990 
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Figure E15. Representative frequency-direction spectra from 8-m array for 3 and 4 October 


1990 
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Figure E16. Representative frequency-direction spectra from 8-m array for 5 and 6 October 
1990 
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Figure E17. Representative frequency-direction spectra from 8-m array for 7 and 8 October 
1990 
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Figure E18. Representative frequency-direction spectra from 8-m array for 9 and 10 
October 1990 


Appendix E Stationary Instrument Data 


E29 


a a ae BS 


1000 EST 11 Oct 90 2200 EST 11 Oct 90 
H = 1.62 m T, = 8.87 sec 6, = —38.0 deg Hoe = 1-25 m T, = 8.87 sec 8, = —38.0 deg 


SE 
SWB) (A000 ret /de9) 


oe 
oe 
oO 
ad 

a 
€ 
(2) 
3 
2 
Zz 
oe 
2, 
4 
P2 


30 60 30 —!3\0 -60 -930 i 90 60 30 ie) —30 -60 -90 
6 (deg) 


fe) 
6 (deg) 


2200 EST 12 Oct 90 


1000 EST 12 Oct 90 
o = 2-39mM T, =15.56 sec 6, = —16.0 deg 


H =1.22m T, = 8.16 sec 6, = —20.0 deg ll 


mo 


Ad 


e @ 
6 é 
as T. = 
a, x a 
2 S 2 
é & 2) 
2 2 
S a eS 
z o z 
eS x 6S 
eS LRA g 
Oe Hh 2 
t=} oOo 
° o 
o eS 
© © 
Wes Rs 
ea AS) 
= = 
— = 
= = 
a N 
o o 
a ow 
- oe) 


Figure E19. Representative frequency-direction spectra from 8-m array for 11 and 12 
October 1990 
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Figure E20. Representative frequency-direction spectra from 8-m array for 13 and 14 


October 1990 
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October 1990 
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Figure E22. Representative frequency-direction spectra from 8-m array for 17 and 18 
October 1990 
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Figure E23. Representative frequency-direction spectra from 8-m array for 19 and 20 
October 1990 
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Figure E24. Representative frequency-direction spectra from 8-m array for 21 October, 
1990 
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Longshore Subarray Directional Wave Measurements 


The following discussion describes one approach to processing some of the 
data collected during DELILAH. It is not the only acceptable processing 
method, but it is described here in detail to demonstrate one way of handling 
the data complexities. A preliminary analysis of the wind-wave directional 
spectra from the two longshore subarrays during DELILAH was performed by 
Dr. Charles Long. The arrays were not ideal for wind-wave analysis, 
consequently simplifying assumptions as well as some modifications to the data 
were applied. Some of the data processing techniques described here may also 
be useful for other than wind-wave analysis. 


Basic assumptions 
The following assumptions were made: 
Linear theory is valid throughout. 


The wave field is stationary for durations of 2 hr 16 min (the total lengths 
of records analyzed). 


The wave field is uniform over the longshore length of each array. 


Mean currents have no effect on the observations. 


Gauge selection 


The two longshore subarrays are used in the analysis. The crest subarray, 
seaward of the nearshore bar crest, consisted of the pressure gauge 2704, and 
five two-axis (x/y) current meters: Marsh-McBirney 2701/2702, and the 
Scripps Open Frame current meters 2711/2712, 2721/2722, 2731/2732, and 
2741/2742. The set comprises an 11-element array with each current meter 
representing two elements. 


The trough subarray was generally on the trough side of the nearshore bar 
crest. It used pressure gauge 2304, and five Marsh-McBirney two-axis current 
meters 2301/2302, 2311/2312, 2321/2322, 2331/2332, and 2341/2342. This 
set also constitutes an 11-element array. 


Data selection 


The intent was to compare nearshore results with spectra from the FRF 8-m 
array. 8-m array frequency-direction spectra were computed from records of 
2 hr 16 min duration (16,384 data points at 2 Hz, or 8,192 sec) for each gauge, 
with collection times at 3-hr intervals, starting daily at 0100, 0400, 0700, 
1000, 1300, 1600, 1900, and 2200 Eastern Standard Time. To compare data 
of the same duration and collection start times required finding 16 contiguous 
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records from the crest and trough subarrays that began at about (+ 4 minutes) 
the same times as the FRF collections. Because of the logistics involved with 
changing tapes, not all FRF collections had a matching crest or trough 
collection, sO some cases are missing from the analyzed set. 


Data gaps 


To deal with the gaps, and make maximum use of available data, 
processing occurred as follows: 


The pressure gauge from each array (2704 for crest, or 2304 for trough) 
was processed first. The 8-Hz data were subsampled at 2 Hz by taking every 
fourth point, starting with the first point in the first of the 16 contiguous 
records to be processed, and storing the points in a single long array of 16,384 
points. The long array was then broken into 31 half-lapped ensembles of 512- 
sec duration (1,024 points), and each ensemble was searched for data gaps. 


If no gaps were detected, an ensemble record was accepted as it was. Ifa 
gap occurred in the second half of any ensemble record except the first, the 
bounding indices of the ensemble record were shifted to earlier times so that 
the last point in the ensemble record was the last good data point before the 
gap. If a gap occurred in the second half of the first ensemble record, that 
record was not used in analysis. The ensemble bounding indices from the long 
array were stored for later use with current meter data. 


If a gap occurred in the first half of any ensemble record except for the final 
one, the bounding indices of the ensemble record were shifted to later times so 
that the first point in the ensemble record was the first good data point after the 
gap. Ifa gap occurred in the first half of the last ensemble record, that record 
was not used in analysis. Again, the ensemble bounding indices from the long 
array were stored for later use with current meter data. 


This procedure resulted in occasional redundancy of the ensemble records, 
and occasional loss of one ensemble record (or half an ensemble's worth of 
data points), so that there were only 30 ensembles instead of 31. However, 
this method retained most of the useful data and none of the gapped data. 


After the pressure gauge data had been analyzed for gaps, the current meter 
data were processed. Current meter data were also decimated to 2 Hz from 
8 Hz and written into long arrays. To ensure no offsets in time, the ensemble 
record bounding indices from the pressure gauge were used to define the 
current meter ensemble records. Consequently, a given ensemble spanned the 
same period of time from all gauges in an array, so that relative phasing was 
preserved for all ensembles. In this way, a working database of ensemble 
records for each collection was created. 
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Modifications to pressure data 


To establish realistic gauge depths relative to the (collection) mean sea 
surface, the barometric (gauge 616) mean value (in meters of water) was 
subtracted from the pressure gauge mean value (in meters of water). When 
the (positive) gauge depth relative to NGVD was added to the barometrically 
corrected gauge mean, the record should have reflected the tide plus any setup 
or setdown from wind or radiation stresses. However, this was not what was 
observed. Mean pressures from both gauges 2704 and 2304 seemed low. 
High tide didn't get very high above NGVD, and low tide was much lower. 


This was further pursued in an effort to determine an accurate estimate of 
gauge depths by comparing means from gauge 2704, from the 2703 pressure 
gauge, and from predicted tides. Figure E25 shows some results from 
3-21 October 1990. In the relatively quiescent days of 3-7 October, the 2703 
gauge appears to read high relative to predicted tides by about 0.10 m, and 
gauge 2304 reads considerably lower. The difference between the means is 
also plotted in Figure E25b and appears to fluctuate around 0.40 m. 


As there was not a clear pattern to explain the differences, a bias of 0.40 m 
was added to the means of both gauges 2704 and 2304 for all runs. Where this 
is incorrect, it will have a strong effect on results because all gauge depths are 
keyed on the pressure gauges; pressure and current meter wave signals were 
surface corrected using these depths, and cross spectra were normalized with 
the surface-corrected pressure auto-spectra. 


Modifications to current meter data 


In data processing, current meter data records were read in pairs, and the 
component velocities were rotated from the orientations given in the time series 
data headers into the FRF coordinate system. Additionally, the signs of the 
rotated signals were adjusted so that the cross-shore velocity (U) was positive in 
the onshore direction, and the longshore velocity ( V) was positive in the 
southerly direction. Due to the change in the coordinate system mentioned 
earlier, this is the reverse of the previous convention. 


Because of the biofouling on the Scripps open frame current meters (2711/ 
2712, 2721/2722, 2731/2732, and 2741/2742), the current meter gains for all 
current meters were adjusted to be consistent with sea surface displacement 
variance frequency spectra derived from the pressure gauge (2704 for the crest 
array, 2304 for the trough array). To do this, the PUV-test, (described in the 
“DELILAH array data analysis” section earlier in Appendix E) was used. 


To adjust the current meter gains, the mean value of the Z(c) over the 


range of (cyclic) frequencies 0.006 to 0.338 Hz was computed, and then the 
gains listed in the header records were amplified or reduced until this mean 
value was unity. Identical gain amplifications were applied equally to both 


E38 Appendix E Stationary Instrument Data 


channels of a two-axis current meter under the assumption that the biofouling 
or other signal degradation was horizontally isotropic, and because a way to 
determine gain adjustments on individual current meter channels is not known. 
This assumption is important because overcorrecting one current meter channel 
relative to another changes the apparent wave direction at that current meter, 
and degrades the directional estimator. 


To illustrate the temporal behavior of the gains, the time series of the 
gains for each subarray have been plotted. Figure E26 shows the gains from 
the trough subarray, and Figure E27 shows the gains from the crest subarray. 
The results make qualitative sense in that the Marsh-McBirney current meters 
(station 70 in the crest subarray, and all stations in the trough subarray) had 
gains that generally remained within 20 percent of unity, while the Scripps 
open frames (Stations 71-74 in the crest subarray) had gains near unity early in 
the experiment, but drifted high as time evolved, suggesting the influence of 
fouling. Note that all of the gain adjustments were keyed to the spectra from 
the pressure gauges, and, because the pressure gauge depths were modified, 
some noise may have been introduced in the current meter gain adjustments. 
For instance, there appears to be a diel variation in the gains from the trough 
array that is reminiscent of the pressure gauge differences shown in Figure 
E25b. There may be a relationship between these phenomena, but what that 
relationship is, remains uncertain. 


Total water depths 


In an earlier pass through the data, the total water depth, as listed for each 
gauge location, was assumed constant. However, the depths were not constant 
throughout the experiment, and erratic changes in depth occurred after the 
‘energetic events beginning on 10 October. Subsequently, total water depths 
for each gauge site were established by interpolating the bathymetric minigrid 
surveys in both time and space, to obtain a more correct total water depth for 
each gauge location and for each collection. Water depths found in this 
manner are used in analysis and are plotted as time series in Figure E28 
(trough subarray) and Figure E29(crest subarray). When the bar moved 
offshore during the energetic events, shoaling occurred under the crest 
subarray, and deepening occurred under the trough subarray. More consistent 
results overall were obtained when changing depths were used in the analysis. 


Exposed gauges 


Despite efforts to position the gauges so that they remained within the water 
at all tide stages, at some low tide stages, some of the gauges became exposed. 
Because such events add unacceptable noise to the cross-spectral matrix, all 
such cases were eliminated from analysis. These were identified using a 
method similar to that described in the “DELILAH array data analysis” section 
earlier in this appendix. The one difference in this analysis was the use of a 
0.40-m bias in the gauge depth adjustment, and the other analysis determining 
a bias from correlating water levels with a tide gauge (gauge 1). This analysis 
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was done by saving the minimum instantaneous water level from the raw 
pressure signal and comparing it to the depth of the shallowest gauge in the 
array being analyzed. If it appeared that the shallowest gauge was at or out of 
the water surface in the trough of any wave passing the pressure gauge, the 
analysis was aborted. This may have been a liberal treatment because it nomi- 
nally allowed the Marsh-McBirney current meters to function within several 
ball diameters of the free surface for a few seconds in some runs, which is 
generally considered unacceptable. The time series of velocity and pressure 
from some of the marginal runs were visually inspected and it was not always 
obvious that the signal was degraded. A more conservative constraint may be 
appropriate if further analysis is pursued. 


Data checking 


A check on data quality was performed by overlaying the frequency spectra 
plots from all gauges for each run that survived the exposure test. Figure E30 
is an example of this. Some features which may not be obvious include: 


a. The main graph shows the frequency spectra (in log coordinates) from 
all gauges plotted out to the Nyquist frequency (1 Hz for the 2-Hz 
subsample frequency) so that background noise floors can be seen. 


b. The pressure spectrum is offset downward by three orders of 
magnitude to isolate its shape from spectral curves from the other 
gauges. Spectra from longshore currents are offset downward by one 
order of magnitude to isolate that group of spectra. Spectra from cross- 
shore currents are plotted with no offset. 


c. Raw spectra are shown throughout except in the low-frequency (includ- 
ing wind-wave) pass band of 0.006 to 0.338 Hz. In the low-frequency 
band, the spectra have been surface normalized as described above 
under “Modifications current meter data.” This helps to determine how 
much surface correction is done even for these shallow gauges, and 
indicates if noise is amplified or reduced in surface normalization. 


d. Modified current meter gains have been applied to the current meter 
spectra in these plots to see if modified spectra form tight groupings for 
each type of gauge. 


e. Curves near the part of the main graph ordinate labeled 'Z' are the 
Z(G) function described above (actually Z(/) is used) after its mean 
value is forced to unity. These functions are plotted on a linear scale. 
These curves are informative in that if they are reasonably flat, the 
surface normalization and gain modification might be considered satis- 
factory. The example shown is reasonably clean. Visual inspection of 
the plot shows some degradation of these curves in time. In some high- 
energy conditions, there is considerable chatter at the lower 
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frequencies, due possibly in some part to shear waves, which have a 
stronger velocity signal than pressure signal. 


f. Also shown in the upper right corner of Figure E30 are numbers 
representing a possible modified pressure gauge gain (which should be 
1.0 for all cases in these runs). 


Data quality plots were used to identify cases with data that were clearly 
bad. Surface-corrected velocity spectra should cluster together, with one 
grouping each for alongshore and cross-shore velocities. Barring other sources 
of noise, these spectra should follow a chi-square error distribution. For the 
nominal 160 degrees of freedom with which these spectra were computed, the 
95-percent confidence interval extends from about 21-percent below to about 2- 
percent above the true value of each spectrum, or a range of about 4-percent. 
Though the true values are not known, members of a group of spectra were 
considered satisfactory if the range of spectral densities agrees to within about 
44 percent at each of the discrete frequencies in the nominal wind wave pass 
band of 0.04 to 0.32 Hz. Pressure data were considered satisfactory if Z(f) 
was reasonably uniform through the wind-wave pass band of frequencies, 
indicating consistent frequency dependence of velocity and pressure data. 
Excepting high-energy, low-frequency conditions, where shear waves may be 
influential, the nominal acceptable range of PUV-test results is 0.8 < Z(f) < 
1.2. Data acceptance criteria given here served as rough guidelines. Minor 
exceptions were tolerated in this analysis in an effort to maximize the amount 
of data considered to be useable. 


The mean current data contained either severe, persistent nonuniformity or 
some yet-to-be understood bias. It remains unclear what the source of the 
problem was or how to circumvent it. Consequently, any effects from mean 
currents were ignored, though the wind-wave parts of the current meter records 
seemed acceptable. Data that passed the quality control constraints were used. 


Final data sets 


Processed data satisfied three constraints: (a) start times and durations had 
to match FRF collections,(b) there were no exposed gauges, and (c) pass band 
frequency spectra satisfactorily met the constraints of the data quality plots. 
Table E4 lists the cases from the trough and crest subarrays that satisfied these 
constraints. More exposed gauges occurred in the trough subarray, and the 
current meter at station 30 was lost sometime on 15 October. Therefore, the 
total set of cases for the trough subarray is small. 
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Table E4 
DELILAH Collection Times that are Concurrent with FRF 
Collection Times and Pass the Quality Control Standards 
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Satisfactory data runs were processed for frequency-direction spectra 
following the basic premises for IMLE described by Davis and Regier’, and 
Pawka.’ Figures E31 through E38 are examples of trough subarray spectra 
and Figures E39 through E47 are examples of crest subarray spectra. When 
possible, two representative spectra for each sampling day are presented. As 
summarized in Table E5, all gauges were used for the lowest frequencies, but 
only the pressure gauge and two current meters were used for the highest 
frequencies. Figures E48 and E49 summarize the directional data from the 
trough and crest subarrays respectively. 


Table E5 
DELILAH Gauges Used in Directional Spectral Estimation 


Crest Subarray Gauges 
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* Davis, R. E., and Regier, L. A. (1977). “Methods for estimating directional wave spectra from multi- 
element arrays,” Journal of Marine Research 35, 453-77. 

* Pawka, S. S. (1983). “Island shadows in wave directional spectra,” Journal of Geophysical Research 88, 
2579-91. 
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Figure E25. Time series of a) pressure gauge means at station 70 compared to predicted 
tide, and b) pressure gauge 2704 (Setra) subtracted from pressure gauge 2703 
(Paroscientific) 
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Figure E26. Gain multipliers for trough subarray current meters deduced from PUV- 
test 
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Figure E27. Gain multipliers for crest subarray current meters deduced from PUV- 
test 
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Figure E28. Water depths at trough subarray stations deduced from minigrid 
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Figure E29. Water depths at crest subarray stations deduced from minigrid surveys 
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Figure E30. Crest subarray frequency spectra and PUV-test results for the 0700 run on 
3 October 1990 
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Figure E31. Representative frequency-direction spectra from trough subarray for 3, 4, and 5 


October 1990 
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Figure E32. Representative frequency-direction spectra from trough subarray for 5 and 6 
October 1990 
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Figure E33. Representative frequency-direction spectra from trough subarray for 6 and 7 
October 1990 
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Figure E34. Representative frequency-direction spectra from trough subarray for 7 and 8 


October 1990 
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Figure E35. Representative frequency-direction spectra from trough subarray for 8, 9, and 
10 October 1990 
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Figure E36. Representative frequency-direction spectra from trough subarray for 10 and 14 
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Figure E37. Representative frequency-direction spectra from trough subarray for 14 and 15 


October 1990 
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Figure E38. Representative frequency-direction 
spectra from trough subarray for 15 October 


1990 


E55 


Appendix E Stationary Instrument Data 


= 
1000 EST 03 Oct 90 1856 EST 03 Oct 90 
H., = 0.48m T, =10.67 sec @,= 14.0 deg Hi. = 0-.61m V5 = 3.58 sec 6, = —30.0 deg 
Z 2 
a a 
2 a 
"2 2 
| x x 
Lo) oO 
° ° 
° 3 
Bae ANE 
fo fo 
SS aad 
a a 
3 ° 
N nN 
Le) Led 
° ° 
180 120 60 0 -60 -120 -180 
@ (deg) 
0103 EST 04 Oct 90 1902 EST 04 Oct 90 
H,. = 0-54m 7, =11.91sec O,= —24.0 deg Ho = 0-58m T,=5.22 sec 6, = —32.0 deg 
a a 
a Es 
% 3 
8 3 
Co 2] 
z % 
gs os 
J 
c—) 
ro 
—~= 
oc 
= 
Se 
a 
° 
N 
» 
° 
180 120 60 ) -60 -120 -180 
6 (deg) 


Figure E39. Representative frequency-direction spectra from crest subarray for 3 and 4 
October 1990 
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Figure E40. Representative frequency-direction spectra from crest subarray for 5 and 6 
October 1990 
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Figure E41. Representative frequency-direction spectra from crest subarray for 7 and 8 
Ocober 1990 
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Figure E42. Representative frequency-direction spectra from crest subarray for 9 and 10 
October 1990 
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Figure E43. Representative frequency-direction spectra from crest subarray for 12 and 13 


October 1990 
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Figure E44. Representative frequency-direction spectra from crest subarray for 14 and 15 
October 1990 
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Figure E45. Representative frequency-direction spectra from crest subarray for 16 and 17 
October, 1990 
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Figure E46. Representative frequency-direction spectra from crest subarray for 18 and 19 
October 1990 
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Figure E47. Representative frequency-direction spectra from crest subarray for 20 and 21 
October 1990 
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Figure E48. Wave height, direction, and period derived from frequency- 
direction spectra of trough subarray 
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Figure E49. Wave height, direction, and period derived from frequency- 
direction spectra of crest subarray. 
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Appendix F 
Instrumented Sled 


The instrumented sled was equipped with a O- to 25- psir (psi relative to one 
atmosphere) Senso-Metrics pressure gauge, a resistance wire wave gauge, and 
five current meters arranged vertically. The current meters were mounted at 
elevations 0.35, 0.60, 1.00, 1.35, and 1.75 m above the bed on a diagonally 
sloping beam (Figure 7 of the Introduction section). The beam was parallel to 
the shoreline, so the meters were aligned at approximately the same cross-shore 
coordinate. The meters were spread over an alongshore distance of 
approximately 3.5 m. The sled was deployed so that the lower end of the 
beam was in the up-drift direction of the longshore current to reduce flow 
interference, such that the current meters were up-drift of the beam. A 
common timing pulse was used for all current meters to reduce interference 
between instruments for this close proximity deployment. They were aligned 
to measure longshore and cross-shore components of the current when the sled 
was towed out normal to the shore. The sled was also instrumented with a 
digital compass for orientation measurement, and a Met One anemometer. The 
data were transmitted via radio modem to a personal computer located in a van 
on the FRF pier. 


The sled was pulled offshore with the CRAB (Figure 8 of the Introduction 
section) and then incrementally retrieved, stopping at several cross-shore 
locations, with the FRF’s forklift. The sled was towed offshore past the 
breaker zone to a depth of approximately 3 m, typically to a cross-shore 
coordinate of 245 m. The runs were along a line just north of the primary 
cross-shore array and the retrieval stops were made adjacent to an instrument 
in the array, with three to eight stops for each cross-shore transect. Locations 
of the sled and the start time for each run are given in Table Fl. The position 
and orientation of the sled were recorded using an electronic total station which 
sighted two prisms located on the sled mast. 


At each sled position, data were collected for 34 min (except for run 
#SL1910A which was only 8 minutes long due to low battery). The collection 
period of 34 min was selected to provide a balance between the time needed for 
stable statistics on each run and to maintain a short enough transect time to 
assume Stationarity of the incident waves. 
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The DELILAH array gauges provide background data on the horizontal 
structure of the hydrodynamics and on the stationarity of the waves and 
currents. Sled measurements were made during the final six days of the 
DELILAH experiment, from 16 to 21 October. Incident waves during these 
days provided a variety of conditions with wave heights of 0.5 to 1.5 m, peak 
spectral periods of 5 to 15 sec, wind speeds of 5 to 15 m/s, and wave 
directions both north and south of shore-normal. The maximum time-averaged 
current velocities exceeded 0.5 m/sec during measurements with the sled. 


Quality control checks during the experiment indicated that the middle 
current meter (elevation 1.0 m) had a large offset, relative to the 
pre-experiment calibration. Calibrations were performed in the field during 
three runs (SL1808A, SL1909A, and SL1916A) by rotating the current meters 
and comparing the measured data to a similar run without meter rotation. 


In shallow depths one or more current meters were often out of the water. 
An estimate of when this occurred was done with the same procedure as 
described for the DELILAH array current meters in the DELILAH array data 
analysis section in Appendix E. A minimum water elevation for each wave 
trough was computed from the pressure gauge record, then the elevation of 
each current meter was checked to determine if it exceeded the lowest wave 
trough. A data quality flag was set in each time series header for current 
meters that were believed to be exposed. An additional quality check of the 
current meter gains was then done with the PUV-test procedure as described in 
Appendix E. 
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Table F1 
Summary of DELILAH Sled Runs 


Date __| Time _|Tongshore,_m [ Gross-shore, m|] Depth, m_| Dit_ |Comments 


SL1610A 
SL1610B 
SL1610C 
SL1610D 
SL1610E 
SL1610F 

SL1610H 
SL1708A 
SL1710A 
$L1710B 
$L1710C 
$L1710D 
$L1710E 

SL1710F 

SL1714A 
S$L1714B 

$L1714C 
$L1714D 
SL1808A 
SL1810A 
$L1810B 

SL1810C 
SL1810D 
SL1810E 

SL1810F 

SL1815A 
SL1815B 

SL1815C 
SL1909A 
SL1910A 
SL1912A 
$L1912B 

$L1912C 
$L1912D 
SL1912E 

S$L1912F 

SL1916A 


ieee 


Meters rotated 180° for cal. 


Meters rotated 180° for cal. 


battery low, 8-min run 


Meters rotated 180° for cal. 
(except 0.6 m) 
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$L2011A 
$L2011B 
SL2011C 
$L2011D 
SL2011E 
SL2011F 
$L2011G 
$L2011H 
SL2109A 
SL2109B 
SL2109C 
SL2109D 
SL2109E 


Dir: S - sled oriented for currents flowing South Current meter elevations above bottom: 1.75 m, 1.35 m, 
N - sled oriented for currents flowing North 1.0 m, 0.6 m, 0.35 m 
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Appendix G 
Participant Addresses & 
Publications 


This appendix includes lists of the DELILAH investigators and of 
completed publications as of the date of publication. 


Participant Addresses 


Mr. William A. Birkemeier Phone: 919-261-3511 
USACE Waterways Experiment Station Fax: 919-261-4432 
Field Research Facility Internet: w.birkemeier@cerc.wes.army.mil 


1261 Duck Rd. 
Kitty Hawk, NC 27949 
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